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PREFATORY NOTE. 


The monographs contained in the following pages are the results 
of such investigations as reached a successful conclusion during the 
•first year of the existence of the laboratory. The first of them is 
essentially a thfisis accepted by the university for the degree of Ph.D. 

In the computation of results it was not deemed advisable during 
the first year of our work to depart from the usual psychological 
naethod of taking the average deviation (or mean variation) as the 
mean of the absolute differences of the observed values from the 
arithmetical average of the observations. MV inc^ans the same as 
in most other psychological publications, i. c. 

MV = + 

^ ':v n 

where arc^ the differences of the single observations 

from their average, taken without regard to sign, i^jd is the num- 
ber of observations. We propose, however, in the future to follow 
with such modifications as necessary the methods of the science of 
measurement as developed by Gauss. The sign ^ means thousandthi^ 
of a second. 




INVESTIGATIOl^^S IN REACTION-TIME AND ATTENTION 


BY 

Chablks B. Bliss, Ph.D. 


Introduction. 

The work described in the following pages occupied the greater 
part of my time during the academical year 1892-93. As I was 
-T^he first to carry on such experiments in the Yale psychologi- 
ioal laboratory, a large part of my fall term was spent in preparing 
the apparatus and in developing a method which should servo for 
all future experiments. The result is a method for measuring 
reaction-time which is in some parts entirely new. In operation 
it is rimple and accurate, having been built up step by stej) as the 
needs required. In the hope that the whole or parts of it will be of 
value to other laboratories, the description has been made as com- 
plete as seemed necessary. 

lii the experimental part of the work I am especially indebted to 
tile following persons foi* valuable time which they have spent in 
the reaction-room. 'I^’o Messrs. Thomas J. Lloyd, Wiljiam I. Cran- 
ford and Joshua A. Gilbert of the Graduate Department, and to 
Mr. Joseph Roby, a member of the senior class in Yale College. 

During the second term, Abraham Fisher, the laboratoiy steward, 
recorded all the experiments, thus leaving me free to do my own* 
reacting. The advantage of doing my own introspective observing 
was an important one. • 

Dr. Scripture not only suggested the first pj-oblem but has always 
been ready to assist me in carrying out the experiments and in 
aiTanging the Apparatus. In fact, parts of the apparatus were in- 
vented by him. One line of research was carried out at the sugges-* 
tion of Professor Ladd, who has always shown a kindly interest in 
my work. 

In the drawing of the diagrams valuable suggestions were received 
from Mr. Walter I. Lowe, a member of the Graduate Department. 



2 Ifiisestigationa in reaction-time and aUention. 

Apparatus. 

Apparatus for mcasiiriug reaction-time must furnish sonns means 
for giving the reactor a stimulus and for measuring the interval of 
time between the moment in which the stimulus is given, and that in 
which the reaction takes place. The time-measurement must be 
accurate to thohsandths 6f a second and the person experimented 
upon must, so far as possible, be free from all influences which would 
distract his attention. 

This last requirement was met by placing the reactor in a sepa- 
rate room, so constructed as to be free from light and sound. In the 
center of the building a room was finished off, twelve feet long, nine 
feet wide and nine feet high. Inside of this room a smaller one was 
constructed with a door and ventilator corresj)onding to tho se of the 
outer room. This inner room was supported on thick cushions of 
felt and rubber, the only connection with the outer room being 
heavy canvas around the doors and the ventilators for the purpose 
of holding back the sawdust with which the space between the two 
walls was filled. The door was likewise made double with beveled 
edges, like a safe door, so that it shut tightly against the canvas 
connecting the two rooms. A thick mat, made of hair felt and cov- 
ered with cloth, was hung up over the door on the inside. This 
acted like a heavy curtain to check any sounds which might creep in 
around the door. 

During the experiments the door of the dark room was not shut 
more than five or ten minutes at a time. For that period the ven^ 
tilator could be kept closed without producing any bad effects. In 
the case of longer experiments it is proposed to open a ventilator in 
the floor and pass a curr<?nt of air through the room by means of a 
blower. The ventilators can then be packed with wool or some other 
materia], which will allow the passage of air, but effectually shut out 
*all soun^. The experiments described hi this paper were all taken in 
the winter, and the temperature of the room was the same as that of 
^the rest of the building. Very loud sounds in adjacent rooms can 
still be heard in the reaction-room. Heavy wagons, which occa- 
sionally pass along the street, jar the whole building and with it this 
^room ; the shaking can be felt but not heard. WBen the adjacent 
rooms are kept quiet, the reaction -room is free from sound. The 
reactor is thus practically removed from all external disturbances in 
sight or hearing. 

There are two methods in use for measuring intervals of time to 
thousandths of a second, the graphic method and that of the ehroho- 
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scope. The Hipp ohronoscopc is the most perfect piece of mechamsm 
4hus far constructed for recording such short intervals of time bn a 
<lial. An immense amount of time and labor has been spent in per-^ 
fiBcting this chronoscope and in investigating its accuracy. In its 
most perfect form there is always a very large error in the results as 
they are read pflE from the dial. This errpr depends on the relative 
strength of the electric current passing through it and that of a 
spring which pulls back the armature when the circuit is broken. A 
control-apparatus must be used which consists of a hammer so 
arranged that it can be made to fall certain distances. The time 
required for this fall is carefully measured by the graphic method 
and the spring of the chronoscope adjusted until tlie chronoscope 
itself measures the time of fall with the same result. Other times 
are accurately ^obtained by coiTecting the recorded results. The 
chronoscope in one of its forms is then accurate only for times of 
about that length. G. E. Mullisk claimed* that Mtinsterberg’s 
experiments contain a large eiTor even though he had corrected 
his chronoscope by a control-hammer. That particular hammer 
was made to correct the chronoscope for intervals of 160 thou- 
sandths of a second, whereas many of Mttnsterberg’s experiments 
.gave times as high as half a second. Although MQiisterberg seems 
to have avoided the error supposed, yet the danger is evident. A 
moi'e elaborate control-hammer has been constructed by Wundt.® 
By means of this hammer correct times can be given up to 616 
thousandths of a second. The mean variation of this hammer in 
200 experiments was 1.04»thou8andths of a second. The mean varia- 
tion of chronoscope and hammer combined was also 1.04*^. This, 
the best result which has yet been obtained from the chronoscope, 
is ten times as great as the mean variation of the gra|)hic method in 
its simple fom.® 

In the graphic method a tuning-fork, kept in constant vibration by* 

’ a current of electricity, is allowed to trace a curve on a revolving 
drum covered with smoke^ paper. This gives a representation of a 
^period of time divided according to the rapidity with which the fork 
vibrates. Using a fork which vibrates one hundred times a second 
the drum is revolved with such rapidity that the single waves are so 
^ long that we make no error in estimating tenths of a vibration and * 
so reading the results in thousandths of a second. 

Gettingische gelehrte Anzeigen, 1891, p. 898. 

’ Kt^LPE and Eibschmann, Mn neuer Apparat zum Oontrole zeitmess&nder In- 
strwmente, Phil. Stud. 1892 VII 145. 

» WuMDT, Physiol. Psych. 8 ed. II 282. 



4 Imeatigatims in reactig^time 

Now, given this tuning-fori: curve, all that is needed is some 
; method of registering alongside of it the exact instahts at which th^. 
stimulus and the reaction occur. Fig. 1 shows the usual way in 



which this is done. The upper cui*ve is drawn by the recording 
point of a tuning-fork which vibrates one hundred times a second. 
The other two lines are drawn by electro-magnetic time-markers. 
The current passing through one passes also through the key whose 
closing produces the stimulus. The current through tohe other passes 
through a key in the reaction -room. The movement of each key is 
thus recorded by a break in the straight line drawn by its time- 
marker. These points are then transferred to the tuning-fork curve 
by dropping perpendiculars from the points to the curve. The 
measure of the time which has elapsed between the movement of 
the two keys can then be counted off on the time-curve. 

The objection to the use of this method in making a large number 
of experiments is that it takes a long time to drop the perpendic- 
ulars and that great variable errors are likely at the two points* 
These errors are increased by the fact that the time-markers must be^ 
adjusted so that they shall both touch the drum in the same per- 
pendicular line. Moreover, the latent times of the markers may not 
be the same. 



ilg. 3. 


A« improvement upon this method has been, made by doing away 
with one of the markers. The same current is passed through both 
keys and through one time-marker. Fig. 2 shows a measurement 
made by this method. Closing the stimulus-key draws the leirer of 
*the marker toward its magnet, making a break in the straight line. 
Opening the key in the reaction-room breaks the circuit and allows 
the lever to fly back again, thus making a second break in the sa^e 
straight line. These two points are transferred to the time-cu^e 
and^he interval is counted off as before. The. result is th0 the 
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number of lines on the smoked paper is reduced b/ oiierthird, allows 
4 ng more experiinents to be taken on the same paper and iukking thS 
records easier to count. But more, important than this is the fact 
. that one large source of error is removed. The accuracy of the 
result no longer depends on the adjustment of the two markers so 
that they shall touch the drum in the same horizontal line. * 

The vlatent time for the two movements is generally diiferenl. 
And there still remains an error and a great loss of time in trans- 
ferring the two points to the time-curve. What is wanted is some 
means of registering the inteiwal directly upon the curve itself. 
This has been accomplished after tnal of various methods. The 
first suggestion was to arrange an apparatus so that the stimulus- 
key when it was closed should start the curve and the reaction-key 
stop it by beinjg opened. This was done by taking the fork from 
the drum and replacing it by one of the electro-magnetic markers. 
The current was run through the tuning-fork, the time-marker and 
the reaction-key, but it was short-circuited through the stimulus-key. 


c 
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Fig. 3. 

As long as the stimulus-key remained untouched, the marker did 
n:>t vibrate; but as soon as it was touched, the record began. When 
the reaction-key was pressed, the entire circuit was broken and the 
record ceased. Such a record is shown in fig. 3. • 

At first sight this might appear to solve the problem but a closer 
examination shows that this is not the case. 

Fig. 4 shows the way in which the Pfeil marker works. B is the 
battery, F the tuning-fork, M an electro-magnet, S a steel armature 
which serves as a spring; the lever is attached at O. This lever 
swings on a pivot at H; when the circuit is complete the vibration of 
the fork alternately makes and breaks the current at X. As soon as 
it is made the coil in the fork becomes a magnet, pulls the prongs 
inward and braaks the circuit. This demagnetizes the coil, the 
prongs fly back and the process is repeated indefinitely. But wheif 
the current is closed at X, the magnet M draws down the arma- 
ture and its lever. When the current is broken in the fork the 
armature' flies back carrying the lever with it. Thus the point P 
vibrates in unison with the fork. 
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Let CDE be a section of the curve which would be traced by the 
tuarker. From C to D the motion of the point comes from th^ 
spiing that causes the ai-mature to fly back. From D to E^the mo- 
tive force is a combination of the spring and the magnet. Now if 
the stimulus-key, which starts the current through the marker, is 
opened between^© and D, no effect will be produced until the point 
B is reached for no current is passing through the cu'cuit. , There- 
fore the chances are one in two that the beginning of the movement 
will be too late by anywhere from 0 to 6*^, the section of the cuiwe 
from C to E being 10^ with a tuning-fork which vibrates 100 times a 
second. 



reaction-key breaks the circuit between 0 and D, there will be no 
effect until the point D is reached. But, unlike the beginning, the 
effect will not be shown at D. For, when the marker is in motion 
the motive force, between D and E is a combination of the spring 
and the magnet. Near D the spring is stretched. The tension grad- 
ually decreases passing from a positive to a negative quantity some- 
where below the middle point, while the force of the magnet grad^ 
ually increases the nearer the armature approaches it. Therefore the 
effect of a break in the current is not shown until the magnetic 
component of the motive force reaches a certain strength in propor- 
tion to that of the spring before it is interrupted. Suppose that this 
stakes place when three-fifths of the distance^ DE have been passed 
over, then the chances are seven to ten that the end of the interval 
will foe registered anywhere from 0 to 7^ too late. 

In a large number of experiments these errors at the beginning 
and end would partially balance each other, but their presence would 
still be shown by the large mean variation. The beginnings would 
bn the average be 1.25*^ too late and the ends too late by 2.46*^. In 
a small number of experiments the results are not accurate beyond 
hundredths of a second. By using a fork which vibrates 600 times 
a second, the eiTor would be reduced to 2^ and by using a fork 
vibrating 2000 times a second, the method would be accurate to 
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thousandths of a second. This however is impossible since the time- 
barkers are not delicate enough to record such rapid vibrations.* 
Even i^ they were, the task of counting so many wave-lengths would 
render the method of no practical use. 

The next step was to arrange the apparatus so that the time- 
marker vibrated continually in unison with the tuning-fork, hurt yet 



Fig. 5. 


so that closing the stimulus-key sent an additional current through 
the time-marker, which additional current was released by opening 
the key in the reaction-room. The result is shown in fig. 5. 
During the interval to be measured the vibration of the marker 
continues in a different line from that of the normal time-curve. 
Here we have the beginning and end of the interval accurately 
marked. By adjusting the strength of the two currents and the 
rapidity of the drum, this method will probably be quite successful. 
If so, it will be superior to any other method heretofore used. It is 
possible however only with the Pfeil marker which has a steel spring 
as shown in fig. 4 ; for it consists in a partial magnetization of the 
electro-magnet which draws the spring part way but still leaves 
room for it to be affected by the current passing through the tuning- 
fork. 

This method was not used in the following experiments for the 
reason that a much better plan suggested itself. Instead of trying 
to change the curve to mark the beginning and end of the interval 
the apparatus was so arranged that closing the stimulus-key broke 
the primary current of a spark-coil and sent a spark from the tuning- 
fork to the metal drum through the smoked paper. Opening the. 
key in the reaction-rofim likewise broke the same current and sent 
another spark through the smoked paper. Fig. 6 gives a speci- 



Fig. 6. 


men record taken bj’’ this method. Here we have both ends of the 
interval marked exactly, there is no time lost and no error arising 
from transferring the interval to the time-curve or in adjusting the 
markers on the drum. 
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the drum. Opening the stimulus-key starts the marker vibrating 
^and an instant later gives the stimulus which is marked b;^ a sparT^ 
on the curve. , As soon as the spark from the reaction-key has been 
recorded^ the multiple-key is released, and the marker ceases to 
vibrate before the drum has made a complete revolution. The 
marker is then moved to the right or the left by a turn of the screw 
hnd another record is taken. A similar record on an ordinary drum 
is shown in fig. 10. 



Fig. 10. 


The other drum is constructed, as can be seen in fig. 13, so that 
every turn of the crank moves the drum itself half an inch to the 
right or left. In this case the standard holding the marker or the 
tuning-fork remains stationary. One hand turns the drum once 
around while the other closes the stimulus-key. The reaction always 
follows before the revolution is completed. For simple reaction- 
time this is much the better drum of the two. The records ai^ 
always the same distance apait and can be made to begin in the same 
horizontal line on the drum, thus making the counting of the records 
much easier than those of the electrical di*um which are scattered 
over the paper and are liable to be cut in two when that is removed 
from the drum. For other purposes the electrical drum is to be pre- 
ferred. 

It is evident from the various functions* ascribed to the stimulus- 
key that something more than the ordinary telegraph-key is implied. 
In every case it is assumed that it produces the stimulus and records 
it at the same instant on the drum by means of a spark. In addition 
to this it sometimes starts the tuning-fork curve just before the 
. stimulus and stops it just after the reaction has taken place. The 
necessity for some contrivance by which such things might be done 
was, felt at the beginning of the work an^ led to the invention, by 
Dr. Scripture, of the multiple-key. 

Figs. 11 and 12 show drawings of this key. It consists of two 
square bars of brass I and H rotating on small steeil axles X held in 
c place by check-screws K L passing through the upright parts C of 
a firm brass frame which is screwed to the wooden base J. One end 
of each bar is held by a spring M, Y ; the strength of M is regjj 
ukted by the screw A. Besides this there are four other screws 
B, D, E, F, which pass through the upper lever, one of them F 
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being insulated from the lever by hard rubber. The screw B rests 
iy>on a small steel plate P, insulated by a hard rubber screw from 
the brass stanchion Q and connected by wire on the underside 
of the base with binding-post 5. None of the binding-posts are 
shown in the elevation because they would conceal important parts 
of the key. The screws B, D, F are connected through the brass 
rod, steel axles and upright support with a screw that passes* 
through the base and thence by insulated wire with binding-post 4. 

c D E F g 



The screw B being adjusted so that the upper lever is level, the 
screw F regulates the amplitude of its movement. By means of this 
screw it makes contact with the brass stanchion V. The screw E 
which is insulated from this lever, is connected to post 2 by insulated 
wire running along the Jever, down the standard through the base. 
The screw U with which it comes in contact is also insulated from 
its lever and connected in* a similar way with binding-post 3. •By 
means of screw D the copper spring S can be made to make contact 
with screw T which is insulated from its lever and connected with 
binding-post 6. • 

The lower lever is adjusted to a level position by screw O ; it is 
insulated from its steel axle and together with screw O is connected 
with binding-post 7. The screw Z, with which it makes contact^ is 
connected with binding-post 4. So are the brass stanchion Q and the 
screw N, passing through it, as well as the mercury cup W. JThe 
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screw E is so regulated that just before F makes contact with 
V the lever I breaks contact with the screw. Z and immediately after 
makes contact again in the same circuit either through the screw N 
or the mercury cup W. 

We have six contacts ; three makes, two breaks, and one break fol- 
lowed by a majce in the same current. One of these breaks, if used 
at all, must always come first and one of the makes, if used at all^ 
must always come last. According to actual count this gives forty- 
four diiferent ways in which currents can be passed through the key. 
When more than one cun*ent is being passed through the upper 
lever at the same time, care must be taken to have this lever con- 
nected with the same pole of all the batteries. 

A few of the uses to which this key may be put will be mentioned 
here together with the contacts used in each case. 

1. As an ordinary key where the contact is made ][>y pressing down 
the key ; circuit through E-U or F-V. 

2. As an ordinary key in which the contact is broken by pressing 
down the key ; circuit through B-P or 0-Z. 

3. To close two circuits at the same time ; E-U, D-T. 

4. To close to circuits at the same time and one an instant later ; 
D-T, E-U, F-V. 

5. To close one circuit and break another at the same time ; E-U, 
0-Z. 

6. To close two circuits and break a third at the same time ; E-U, 
D-T, 0-Z. 

7. To break one circuit just before closing a second ; B-P, E-U. 

8. To break a circuit and an instant later close the same circuit 
again ; 0-Z, R-N, or I-W. 

In the second method of recording reaction-time on the smoked 
drum, according to the arrangement of wires in fig. 18, the tuning- 
fork current is short-circuited at P-B while the key remains closed. 
When this contact is broken, the current passes around through the 
marker on the drum. A moment later ^the contact E-U closes a 
telephone-circuit which passes through the apparatus in the reaction- 
room and so produces the stimulus. But the primary current of the 
spark-coil is passing through 0-Z. At the same^instant in which 
the contact E-Y is made, this contact 0-Z is broken and a sp^rk 
passes through the smoked paper. This primary circuit is made 
again at W in time to be broken a second time by pressure upon the 
key in the reaction-room. As soon as this reaction takes place the 
operator releases the multiple-key, the tuning-fork curve, is short- 
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circuited again at B-P and the time marker ceases to vibrate. As 
t]^e reaction always follows the contact E-U within three-tenths of a * 
second, tlie key need, not be kept open longer than is natural in slow 
movement. 


[allliSi 


The most important pieces of the apparatus having been described 
in detail, its general arrangement can easily be understood from the 
diagram in fig. 13. The reaction-room is indicated above on the left. 
The room used for the production of sound stimuli is shown next 
to it, although it is situated in another part of the building so^that 
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no sound from the loud tuning-forks can penetrate the walls of the 
reaction-room. The recording-room is on the floor below. These 
figures are all diagi'ammatic, being drawn to show the meaning of 
wires and apparatus rather than actual positions or proper propor- 
tions. 

Thking the , diagram from left to right, the first pair of wires 
belongs to an electric light circuit. The lamp 1, which was used in 
these experiments, was a miniature incandescent lamp of 6 c. p. By 
a switch, 10, the light could be turned on or off. 

The next three wires connect two electric bells, 2 and 12, with the 
Leclanch4 elements B and C. Closing key 3 rings the bell in the 
recording-room. The gong being removed from bell 2 and the 
contact made permanent, closing key 11 only produces a click 

in the reaction-room. Otherwise the sound would be so loud as to 

< 

distract the person reacting. 

The next pair of wires forms a telephone-circuit by means of 
which the experimenter can talk freely with the person in the reac- 
tion-room. The switch 13 breaks this circuit during a series of 
experiments and so prevents any noise reaching the reaction-room 
through this telephone. This telephone connection is a new feature 
in reaction-time apparatus and its advantage cannot be overesti- 
mated. In some of the German laboratories the reactor and experi- 
menter are in' the same room, separated only by a cardboard partition. 
The reactor is thus influenced by every sound in the building, by the 
changing lights and shadows and by the noise of the chronoscope. 
In other laboratories the reactor is placed in a separate room in 
another part of the building. When the operator desires to speak to 
the reactor he must leave his work and go to this room, often break- 
ing up the whole series and producing more or less distraction. 
With this arrangement the reactor is in a dark room, free from sound. 
«By a turii of the switch he can hear even a faint whisper from 
the experimenter. 

N^xt on the diagram comes a one-inch il^itchie spark-coil ; 31 and 
30 are the poles of the primary circuit. The current from battery E, 
consisting of two to four Grove cells, passes through the closed key 6 
in the reaction-room and through the contact 21-22^, in the multiple- 
ekey (0-Z of fig. 11). When the key is pressed down the circuit 
is broken at 22 and closed immediately after at 23. In practice it 
was found better to use the mercury cup W, fig. 11, for this second, 
coiitact as the contact with the copper spring and iron screw B, is a 
sliding contact liable to produce additional sparks and thus to con- 



Inve8tigatiominr4action-timeand€aterU^ 15 

• fuse the record. The mercury must be kept covered with water as 
s^cohol takes fire with a current of the size used. 

The pdles of the sepondary coil are 28 and 29. One was connected 
with the brass cylinder of the drum by being attached to the iron 
frame at 16, the other with the point which mai’ks on the drum. 
When the electro-magnetic time-marker was used, a l^ht aluminium 
point was substituted for the ordinary straw or quill point. Every 
time either key is pressed a spark passes from the marker to the drum 
through the smoked paper scattering the smoke and making the 
white dots shown in figs. 6-10. 

Numbers 19 and 20 are two ends of a second telephone circuit. H 
is . the battery, 9 the transmitter and 7 the receiving telephone. 
Before the transmitter there stands a tuning-fork 8 run by the bat- 
tery G. When the multiple-key is pressed -down, this telephone 
circuit is closed rfb 19-20 and the tuning-fork is heard in the telephone 
in the reaction-room. At the same instant a spark is made on the 
drum by the breaking of contact 21-22. The strength of this sound 
was regulated by passing the telephone-current through a resistance- 
board, not shown in the diagram. For purposes of simple reaction 
it was not necessaiy to use tuning-fork 8. The short, sharp click 
made in the telephone by closing the circuit at 19-20 was sufiicient. 
By changing the resistance in the telephone-circuit this sound could 
be varied from one too weak to be heard to one too loud to be 
endured. It was found necessary to nin the wires of this circuit 
from the recording-room to the reaction-room without allowing 
them to come near any other wires which were in use at the same 
time. Otheiwise sounds were produced in the telephone by induc- 
tion from the currents in those wires. 

During the latter half of the experiments the two receiving tele- 
phones, 5 and 7, in the reaction-room were each connected with both 
transmitters, 4 and 9. By this arrangement the sounds from the 
recording-room and frofii the sound-room were heard in each tele- 
phone. One of them was fixed by rods and clamps in such a ppsi- 
tion, that the right ear of the person experimented upon naturally 
rested against it. The other was held to the left ear by the left hand, 
while the right hand was free to manipulate the reaction-key. 

A still better pian would be to use a head telephone with a re- 
ceiver at each ear. This would always be in place, leave both hands 
free and allow the person reacting to take the most comfortable posi- 
tion and to move about instead of keeping the body in one fixed 
position. However, as a series of experiments never lasted over five 
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minutes, the disturbance from the act of holding one of the tele- 
• phones cannot have been very great. c - 

The remaining wires shown in the diagram all have to do* with the 
time-curve. The tuning-fork 26 is run by a dip-battery F. This 
current passes through the contact 24-25 when the key is closed as 
shown in this figure. When the key is opened, this contact is broken 
and the current passes around through the electro-magnetic time- 
marker 17 communicating to its lever the vibra.tion of the tuning- 
fork. 

In most of the experiments made with the hand-drum this time- 
marker was not used. The fork itself was placed on the standard 
and allowed to vibrate continuously on the smoked paper. 

In addition to the wires shown in the diagram another pair was 
used to connect an electro-magnet in the reaction-room with a bat- 
tery and switch in the recording-room. * 

All of these wires are part of a system of wires running through 
the whole building. At first seven wires were laid from each room 
to a switch-board in a central position. This number not being 
sufficient for the cuiTents required between the reaction and record- 
ing-rooms seven more were laid to each of these rooms. All of 
these wires where the resistance is of small importance, such as the 
telephone and bell circuits, are number 16 B. and S. office wire. For 
the electric light and the primary circuit of the spark-coil, where 
stronger currents are required, number 10 heavily insulated wire was 
put in. These were run directly from the reaction-room to the 
recording-room independent of the switch-board. 

ExFKBIMENTS in BEACTION-TIME. 

In all the experiments the stimulus to which the person in the 
dark room reacted was a sound produced in the telephone. 

A warning click was given on the bell in the reaction-room just 
before each experiment. Experiment has shown that when the in- 
terval between warning and stimulus is always the same the mind is 
soon able to estimate the interval correctly aiid always reacts just at 
that time whether it hears the stimulus or not. Therefore this warn- 
ing cannot be produced by any mechanism connected with the drum 
but must be given by the voluntary act of the experimenter. The 
effect of this warning on the reaction-time depends on the interval 
between the warning and the stimulus. If the interval is too short 
there is not time enough to concentrate the attention and the wam- 
ing^hinders the reaction instead of helping it. If the time is too 
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long the effect dies away, as the mind is not able to keep its maxi- 
muin tension for niore than one or two seconds. L. Lange* mentions 
al)Out 2 seconds as the best interval. Wundt’* places it at 2.6 ; Estel* 
says 2.26; Mehneb* and Glass'^ agree on 2.6. Bertels* found that it 
took the mind 2f seconds to reach the maximum degree of atten- 
tion. The interval used in these expenments was 2-J- seconds; as 
nearly as the experimenter could estimate it by counting. 

Much also depends upon the interval between the successive exper- 
iments. If it is too long the series covers too much time. Changes 
in the mental and bodily condition of the experimenter come in to 
change, the reaction-time. If the interval is too short there is not 
tinie to recover from the preceding experiment. About fifteen 
seconds was the interval between the successive experiments in the 
present case. As reaction requires close attention, not more than 
twenty-five expefiments can be taken at one sitting without showing 
marked effects of fatigue. In the larger part of these experiments 
the number was limited to twenty-two and at least five minutes inter- 
vened between successive series. Seldom were more than five series 
taken at one time. 

Ail important point in whicli there is less agreement is that of the 
rejection from the records of unusually long or short times. Tliese 
have usually been regarded as errors and ascribed to two sources, to 
a faulty action of the electro-magnet in the Ilipp chronoscope, and 
to inattention on the part of the reactor. The present apparatus 
eliminates the former error but the latter still remains. Inattention 
may give long times and tlie person may react before he actually 
heai% the stimulus. By keeping a careful watch rnost^oi tliese cases 
will be noticed on the spot and be rejected withoftt question as errors. 
But still the tables will contain an occasional long or short record 
which largely affects the average of the series. What slmll be done 
with these cases ? Some have refused to omit any, claiming that 
individual differences (Ksappear in the final average. Most writers 
use their judgment in each particular case and reject all records which 
they think unduly affect the results. It is always hard to draw the 
line between normal attention and the next grade below it, to decide 

^ Beitrdge zur ThetfHe der sdnnlichen Atifmerksamkeit, Phil. Stud. 1888 III 492. 

* Physiol. Psych. 8 ed. II 361. 

^ Neue V&rs^che Uber den Zeitsinn, Phil. Stud. 1885 II 37. 

* Zur Lehre vom Zeitsinn, Phil. Stud. 1886 II 660. 

■ ® Kritisches und JESst^erimentelles uber den Zeitsinn^ Phil. Stud. 1888 IV 464. 

« Versuehe uber die Ablenkung der Aufmerkmmkeit, Inaug. Dias. Dorpat 1889. 
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which are correct reaction-times and which are errors. The purpose 
• of the experiments may have an influence in deciding this questioij,. 
For instance, if it is to get the average reacti6n-time of k certain 
jDersoii in a series lasting flve minutes, then more marked cases of 
inattention would be expected and let pass unchallenged than if the 
purpose was to detect tlie influence of a slight distraction on the 
reaction-time. In the former case the variation in attention is the 
quantity to be measured. In the latter case it is desired to eliminate 
all variations in the attention save that due to the one cause whose 
effect is being investigated. 

In tlie present instance every record was rejected which seemed to 
the reactor to be a mistake. His opinion was always written down 
before he left the reaction -room and before he knew what the flgurcs 
were. After that the criterion for rejecting readings was that laid 
down by Holman.* “Take the mean and the average . deviation of 
the observations, omitting the doubtful one. Find the deviation of 
that one from tlie mean. Then reject the observation if its devia- 
tion is greater than four times the average deviation.” l^'liis is an 
arbitraiy criterion and does not imply that all records rejected by it 
are errors. It means rather that in the small number of records they 
would have undue influence and that the average without them will 
be nearer the truth than if they were included. 

In every case excepting the few series where the names are given 
in the table the writer was the person experimented upon. 


Experiments showing the influence* of sensations op light 
UPON the time of simple reactions to soun^d. 

The first problem undertaken was the investigation of the in- 
fluence of the presence in consciousness of different colored lights 
upon the time of reaction to sound-stimuli.. It was suggested t>y 
the results of Ffinfi’s experiments with the dynamometer.® He found 
that with hysterical patients different colored lights had different 
dynamogenic effects, red being most effective and violet the least. 
If the energy with which the muscles can be contracted varies with 
the appearance in consciousness of different colored lights it seems 
probable that there should be a similar effect upon the rapidity with 
which they can be moved. - 

' Holman, Discussion of the Precision of Measurements, New York 1892, p. 80. 

s Sensation et mouvement, Paris 1887. 
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" These experiments are not to be confused with those conducted by 
Titcheneb in Wundt’s laboratory where different colored liglits ‘ 
served as the stimulus.’ The effect of a steady influence might be 
detected when the effect of a momentary influence was too small to 
be measured. We certainly have a different tone of feeling when 
looking, at a red light from that which we have whqi looking &t a 
green light. 

The different colored lights were produced by colored gelatine 
films between two pieces of glass placed before the box containing 
the electric light. 

. Three hundred experiments were made upon this point, but they 
must be regarded as preliminary and negative. They were made 
upon six different persons all of whom were without practice in re- 
acting, and, as they were taken before the apparatus was completed, 
the method illustrated in fig. 3 was used, the e3*ror of which has 
already been pointed out. 

The results sliow no difference for the different colors within the 
limits of error and none between those taken in the dark and those 
in the light. Plowever, in all cases they show the effect of practice 
on reaction-time. Table 1 brings this out in the case of two persons, 
the first one of whom reacted several thousand times in the interval 


TABLE I. 




1 



Name 

Date 

• 

R 

MV 

! n 

I 

C.B.B. 

Nov. 18. 

183 ! 

84 

m 

it 

. 

Mai\ 31. 

140 i 

i 

18 

1 280 

J.A.G. 

I 

t)ec. 1. ' 

260 : 

36 

i 59 

« 

nr- 

• 

Jan. 80. 1 

1 161 i 

I ! 

22 

28 


B, reaction-time. 

MV, mean deviation, 
n, number of experiments. 


between the two dates given while the second reacted only a few 
times between the dates for which his reactions are compared. In fhe 

^ Zur Chronometrie des Erkennungsactes, Phil. Stud. 1898 VII 140. 
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case of the first person an average of 90 experiments taken on Kov. 
ISj'gav^ a reaction-time of 183^ and an average deviation from thqt 
average of 34*^. On March 31 an average of 236 experiments gives 
a reaction-time of 140*^ with an average deviation of 13.*^ Thus 
showing not only a great falling off in the time but also a great in- 
crease in the regularity of the experiments. 

A like result is shown in the record of the second person. 

From these figures it is plain that we are not to expect differences 
due to small changes in the conditions of the experiments to show 
themselves until the person experimented upon has had some prac- 
tice. 

One other set of experiments was taken before the apparatus was 
accurate to thousandths of a second. These were all made upon one 
man, the object being to see whether, with the degree of accuracy 
then obtained, any difference could be detected between the time of 
reactions taken in the dark and those taken in the light. The 
averages of the separate series are given in table II. The final 
average of 115 experiments in the dark gives a result of 170*^ with a 
mean variation of 23^. The 74 experiments taken in a white light 


TABLE II. 


Biptiirbanoe 

B 

MV : 

n 

None 

170 

1 

33 

115 

White light 

i 

177 

1 

‘ 1 

80 1 

i : 

1 i 

74 

Bed light 

I"’ "i 

i 175 1 

1 r 

35 

30 

Green light 

160 

15.- j 

i 

30 


give a time of 177^ with a mean variation of 30^. The 20 experi- 
ments in red light give a time of 175*^ with a mean variation of 25 ^ 
and the 20 experiments in green light give a time of 160^ with a 
mean variation of IS*^. 

After the apparatus was correct to thousandths of a second, another 
attempt was made to detect a difference between the time of reac- 
tions in the dark and those in the light. A series of twenty or thirty 
experiments was taken in which the light was turned on in the mid- 
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die of tbe series. Table III gives the average of five experiments 
tefore the light was turned on and five immediately after. The ex- 
periments were taken upon seven different persons only two of whom 
had had experience in reacting and only one of whom had had 
practice that year. Considering this and also the fact that only five 
series were taken upon any one person, too much confidence must* not 
be placed in the results. It would be very easy to say that they 
show the distracting influence of the light. ; for in the case of eacjh 
individual, save one who had had no practice and upon whom only 
one series was taken, the average of the reactions in the light is 
longer than those in the dark. 


TABLE III. 


Pei'son 


MV 

1 ” 

L 

MV 

1 

1 n 

1 

Ji-D 

D. W. L. 

148 

15 

15 

150 

11 

15 

+ 3 

C. B. B. 

147 

7 

35 

151 

9 

25 

+4 

E. W. S. 

184 

28 

25 

191 

34 

25 

+ 7 

J. M. M. 

159 



13 

5 

191 

34 

!. _ 

+ 33 

V. I. c. ; 

' 

146 

10 

....j 

30 

156 

9 

30 

+ 10 

K. M. W. ^ 

110 1 

30 

10 

139 

16 

• 10 

+ 30 

J. A. G. 

181 j 

38 

5 

171 

15 

5 

-10 

jATeighted 

mean 

153 1 

18 

i 

10.J 

i 

160 

14 1 

! 

105 

+ 7 


D, reaction-time in darkness. 
L, reaction-time in Hipcht. 


The final average of the 210 experiments is 153^ for the dark with 
a mean variation (ff 18*^ and for the light 160*^ with a mean variation 
of 14*^. But later and more reliable experiments show that the mere 
presence in the field of vision of this steady light would not produce . 
that effect. A glance at the original records throws some light cm 
this point. In eight of the series the first reaction after the light 
was turned on was unusually long. In the nature of the case tlfese 
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records could not be rejected, for though there is a possibility that 
they may be due to inattention yet it is far more probable that they 
are the veiy thing we are looking for. When the light is turned on 
it startles the person for an instant and so increases the reaction-time. 
Table IV shows this fact very clearly. It contains the first, second, 
third, fourth and fiftli experiments before and after the light was 


TABLE IV. 


Person 


Bark 

Light 

. . . 

n 

Number of exper. 


1 1 1 

4. j S. \ S. \ 1. 

■ ■ ..... ^ 

i.\ 

\ j 

3. 

4. 

5. 


D. W. L. 

181 

■ i i 

163 141. 138: 140 

1 i i 

149; 171 

144 

146 

139 

3 

C. B. B. 

139 

160 138 163^ 150 

; ; j 

; 158j 145 

1 — 

142 

156 

153 

5 

E. W. S. 

176 

• ; ' i i 

179 178 147; 808' 

i 

: 178; 187 

•• ; 

192 

177 

223 

5 

J. M. M. 1 

165 

161; 153; 138: 139 

i ! i = 

; • ! i 

; 248: 194; 167 

. I . 

166 

179 

1 

W. I, c. 

i 

135 

! 

164i 139; 158; 140 

; 

198 i5o; 

1 

142 

163 

188 

4 

K. M. W. 

iiJ 

j 

131: 103; 135; 108 

151 122 

118 

136 

167 

2 

J. A. G. 

183 

148; 188: 399 163^- 

j i 1 ; 

1 197' 

177 

176 

134 


Weighted mean 

164 

166^ 148; 158 166' 

111!. 

; ! 

165’ 162: 

i 

155 

160 

166 



turned on in each series, so arranged as to show the averages for the 
first, second, third, fourth and fifth experiments in the case of je^ch 
individual and also the final average of all together. In the final 
average and in the case of most of the individuals, notably in the 
case of those who were practiced, the first experiment after the lights 
was turned on was longer than the other and enough so to affect the 
averages in table III. 

When the light was turned on, no care was taken to have it come 
exactly half w^ay between two experiments. Sometimes it would be 
ns3arer the one before, sometimes nearer the one which followed. 
This may explain the reason why softie of the series show no dis- 
traetipn. The light was turned on in the early part of the interval 





• ' Investigations in Teaction4,ime and attention. 2S 

and the person had time to accommodate himself to it before he 
heard the stimulus. Doubtless if the interval between the moment* 
of tuiTiing on the light and that of the reaction immediate!}^ follow- 
ing it were carefully measured it would be found that this first reac- 
tion would be lengthened the more the smaller this interval. 

The next attempt to detect a difference between tj^e time of Reac- 
tions in the dark and those in the light was made later on in the 
year, after considerable practice. In the experiments already de- 
scribed the electric lamp was carefully concealed in a box, the sides 
of which were lined with tin reflectors, so that the person sitting at 
the reaction -table saw only a brightly illuminated square of white 
card-board in the back of the box. Since the effect was so slight the 
box was dispensed with in these later experiments and the lamj) hung 
suspended in full view. The method was the same as in the former 
case, except that the order of light and dark was revei'sed in some of 
the series to eliminate any effects from fatigue or acceleration which 
might enter into a series of twenty experiments. 

The total number of experiments was 207, consisting of 07 in the 
dark and 108 in the light. Of the ten series, six gave a slightly 
longer time for those in the light while the other four gave an ecpially 
siiiall difference in favor of those in the dark, Tlie final averages 
are : for those in the light, 188^ with a mean variation of 12"^ and 
for those in the dark 130^ with a mean variation of 10", thus show- 
ing a difference of only 2" both in the reaction -time and in the mean 
variation, a difference which is practically zero. These figures then 
wansraiit the statement that tAe difference between reaetion-time in 
the dark and reaction-time with the eyes Jlu*ed upon a bright titeady 
light is very email compared with the constant variation due to sub- 
jective changes in the condition of the person arperimeiited upon. 

After it was found that the presence of a steady intensely bright 
light in the field of vision produced no variation in the reaction-time. 
Virhich could be detected, it was decided, at the suggestion of Pro- 
fessor Ladd, to study the effect of a moving light. • 

The small incandescent lamp was suspended from the ceiling by a 
flexible cord about six feet long. Just above the lamp a piece of soft 
iron was fastened to the cord. This iron served two purposes : it 
made the lamp swing steadily and allowed it to be held in position* 
by an electro-magnet fastened to one end of the room. Tlie electric 
light current and that of the electro-magnet were then both passed 
through the same switch in such a way that one movement of Ihe 
lever broke the electro-magnet current and turned on the light. ^ 
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Ten experiments were taken in the dark ; then the operator turned 
‘ the* switch and the person experimented upon had a steadi]y swin^ 
ing light in his field of vision. In addition to the moving light 
there was always a great variety of moving shadows and changing 
intensities as the lamp swung past the wires, standards and other 
parts of the apparatus. When the light was turned on, the eye in- 
variably followed the lamp for one or two minutes, after which the 
shadaws came into consciousness, then the objects which produced 
the shadows and finally other things in the room. 

The amplitude of the motion was regulated by moving the electro- 
magnet. During part of the experiments the lamp commenced to 
swing through an arc of two meters, which gradually diminished 
during the experiment to half a meter. In the rest of the experi- 
ments the arc was lialf a meter at first and the^.lamp gradually 
approached a state of rest. Had the results warranted, a more care- 
ful determination of this amplitude Avould have been made. In 
these experiments the order of light and dark was changed to elimi- 
nate other influences. It was of course impossible to stop the lamp 
swinging in the middle of a series, but the light could be turned out. 

The mean variations are fairly low and regular. Therefore the 
results may be regarded as quite trustworthy. In twelve out of the 
sixteen series the reaction-time while looking at the swinging light was 
from 2^ to 20^ longer than tlie reaction-time in the dark. The final 
averages for those in which the long swing was used were : in the 
dark, 13 7*^ with a mean variation of 13*^; in the light, 142^ with a 
mean variation of 11*^. For those with the short swing they were ,: 
dark, 142*^, mean variation 12*^; light, 141^, mean variation 12*^. No 
difference can be detected between the influence of the long and 
short swings. Combining the two we have as a result of 363 experi- 
ments a mean variation of 12*^ for those in the light, the same 
for those in the dark, and an average of 142^*^ for the reaction-time 
in the dark and 147^ for the reaction-time when looking at a swing- 
ingclamp. c 

It is important to discover if possible whether this disturbance is 
uniform throughout the ten experiments with the swinging light, or 
whether it is confined either, as in the earlier experiments, to the first 
• reaction after tlic light was turned on or to those first few experi- 
ments where the eye follows the moving light. For this purpose the 
averages of the finst, second and third experiments and so on of ' all 
the sixteen series were calculated and found to be, before the light 
was ^turned on, (1) 146^, (2) 143^, (3) 144°^, (4) 145*^, (6) 142?, (6) 
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139*^, (7) 144*^, (8) 144^, (9) 135^, (10) 140*^; after the light was 
tiimedoy, (1) 154<^, (2) 149^ (3) 148*^, (4) 142®, (5) 144®, (6) 151®;' 
(7) 151®, (8) 139®, (9) 140®, (10) 143®. This shows conclusively that 
the chief disturbance is found in the three reactions after the light is 
turned on. The greatest lengthening is in the first reaction. Part 
of that is certainly due to the same effect which was noticed in table 
IV, namely to the distracting effect of having the light suddenly 
appear. But the presence of a similar though less effect in the 
next two averages shows a distinct influence from the moving light 
after the first surprise is over. Therefore we infer that part of the 
lengthening in the first reaction with the swinging light is also due 
to the moving light. 

Later on in the series there is one average which is nearly equal 
to the first one i^ith the light but an examination of the individual 
experiments shows that this is due to the accidental presence in that 
average of four unusually long times. 

From these experiments we conclude that the influence of light 
sensaUom tipon the time of reaction to sound is cornparatwelg small 
when the light is steady^ hut becomes very marked as soon as the light 
begins to move, 

A practical application of this fact suggests itself at once. There 
is no advantage for purposes of simple reaction in having the room 
dark. But it should not be lighted by a window, else moving 
shadows and changing intensities Avill affect tlie-reactor. It must not 
be lighted by a lamj) or gas jet for they would each, in the case of 
a small room at least, raisoithe temperature or, in case the room were 
ventilated by a current of air, be made to flicker and .so distract tlie 
attention. But when the conditions of the expenment do not require 
a dark room there can be no objection to the presence of an incandes- 
cent lamp. On the contrary the person experimented upon will feel 
more at ease in a lighted than in a dark room and will find it much 
easier to make notes of any important points which oc^ur to him 
during the experiments. 

Experiments showing the influence of sensations of soijnj) 

UPON Tlfte TIME OF SIMPLE REACTIONS TO SOUND. 

« 

The experiments thus far described have had to do with the 
influence of sensations of light on the time of reaction to sound. A 
similar set of experiments was conducted for the purpose of inves- 
tigating the effect of sensations of sound on the time of rcactiop to 
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sound. In the first place the sound used was a steady tone pro- 
duced by an electric tuning-fork vibrating 250 times a second. 
TJiis tuning-fork was placed on a shelf before the transmitter in the 
recording-room and run by a dip battery. When the telephone 
circuit was closed this tone was sent to the reaction-room and, when 
the ‘two receiving telephones w'ere connected together, was heard in 
the same telephone in which the signal to react was heard. The 
moveable drum shown in the diagram makes no iioise and, when the 
operator is careful and the rest of the building is quiet, no sounds 
reach the ear of the reactor through this telephone save those of 
the tuning-fork and the signal to react. The tuning-fork sound is 
so loud that none of tlie fainter sounds in the building or on the 
street can be heard. This method could not be used with the elec- 
tric drum on account of the noise of the motor, except by placing 
the transmitter and the fork in another room. 

The method of experiment was similar to that employed in inves- 
tigating the influence of light-sensations. Ten experiments were 
taken in silence, then the telephone circuit was closed and dur- 
ing the remainder of the scries the person heard the steady tone of 
the tuning-fork in the same ear in which he heard the stimulus. 
In successive series the order of silence and sound was changed to 
eliminate the influence of sequence. After eight series had been 
taken the metliod was slightly varied. It Avas evident that as in the 
case of tlie steady light the disturbance was very small. It was 
thought that possibly, as in the case of a steady light, the influence 
would be greatest upon the first reaction ^fter the sound was turned 
on; Therefore to get the full effect of this influence, instead of 
taking ten experiments in silence and ten more with the tuning-fork 
sound in consciousness, one experiment would be taken in silence, 
then the tuning-fork sound tunicd on for the second reaction, while 
the third would be in silence and so on through the series. In each 
case, however, the tuning-foi’k was turned on immediately after the 
reaction in silence, thus giving about ten jseconds for accommodation 
before the signal to react. 

By changing the intensity of the telephone-current the loudness 
of the tuning-fork sound was varied at will. F£)r. the purposes of 
these experiments it was kept as nearly as possible equal to that of 
the sound which served as the signal to react. 

Table V gives the averages of all these series. In it. no differehce 
c4n be detected between the time of reactions in silence and those 
in which the tuning-fork was heard. Seven of the individual series 
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from which this table was compiled showed a slight difference in 
favor of ^silehce and nine showed about the same difference in f avcr 
of those with the sound. jDf those where silence and sound alternate 
the same thing is true. Four were longer in silence and five in sound. 
The final average gives a time of 15 3*^ and a mean variation of 19*^ 
for those in silence and a time of 162*^ with a mean variation ofi 18^ 
for those with sound. The average for the writer was 141*^ for silence 
with a mean variation of 15^ and for sound 139*^ w'ith a mean varia- 
tion of 16^, showing a slight difference in the same direction as 
the combined results of the three persons. 


TABLE V. 



Silence 

• 

MV 

1 n 

250 fork 

MV 

■ 

C. B. B. 

141 

15 

104 

139 

16 

113 

W. I. C. 

! 

167 

j 

26 

33 

. ..! 

174 

1 

22 

33 



A. P. 

! 

232 1 

42 

10 

242 

30 

j 

8 

[ 

Weighted I 
mean | 

153 j 

19 

147 

152 

18 

i 

154 


".Vhen it was found that the presence in consciousness of a stesidy 
toilfe produced no appreciable effect uj)on the reaction-time, with the 
skill in reacting thus far obtained, it was thought J><»st to try the 
influence of an intermittent sound, as in the former experiments a 
moving light took the place of a steady one. The most convenient 
instrument Svliicb suggested itself for this purpose was the metro- 
nome. Swift* investigated the effect of the ticking of the metro- 
nome upon discrimination-time and found different results according 
to the rapidity with which the metronome ticked. lie also foiind 
that it lengihened the time of simple muscular reaction. In a series 
of lot) experiments he found the reaction to be 103^, with a mean 
variation of 9*^, whereas 100 experiments taken while a metronome 
was ticking in the room gave 122*^, with a mean variation of 12^. 

During the first few experiments the metronome was placed in the 
reaction-room and so arranged that the pendulum was held to one 

* SwiF j, Disturbance of the attention during simple mental pi'oeesses, Am. Jour. 
Psych. 1892 V 8. 
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side by the electro^magnet until the circuit of the magnet was 
'broken in the recording-room. Thus the metronome could be 
started at will during the series. But in t^e small reaction-room the 
sound was almost too loud to be endured. It was found more satis- 
factoiy to place the metronome on the shelf before the transmitter - 
in the recordi^jg-room, as had been done with the tuning-fork. 
Here the operator could stop the sound as well as start it and could 
regulate the intensity so that it should be about the same as that of 
the stimulus. There was an advantage also in having the two 
sounds come in exactly the same direction. 

The order was the same as before, ten experiments in silence, 
then ten with the sound and vice versa. In different series the 
metronome ticked 40, 80, 120, 160 and 200 times ai minute. Table 
VI gives the averages for each of the rates. 


TABLE VI. 


Bate u£ Metronome 

1 

i 0 

m 

I 

! 80 

! 

120 

160 

200 

Reaction-time 

1 152 

: i 

156 

1 184 

186 

179 

. 

169 

Mean variation 

! 18 

1 

17 

j 26 



. 25 

Increase 

1 0 

J 

6 

! 32 

34 

27 

17 

Number of expeiiments 

; 147 

28 

i" 54 

! 

1 

98 

61 

1- 

42 


In the first experiments where the metronome was in the reac- 
tion-room, there was a great innervation and strain in all the muscles 
of the body called forth to withstand the influence of the metro- 
nome. This was not noticed while the metronome was ticking, but 
the moment it stopped the sudden relaxaticm was very evident. 

At the beginning of the experiments there is a marked change due 
to getting acquainted with the sound but, owing to the short dura- 
tion of the experiment, that influence does not continue after the 
*first surprise has worn away. J udging from the complete inatten- 
tion to a clock ticking in my room it is probable that after listening 
to a metronome tick for a few hours it would no longer affect the 
reaction-time. The stopping of the metronome might then have a 
temporary effect. Indeed, in these experiments the reactor soon be^ 
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came so far accustomed to the sound that an occasional vibration o^ 
t|je metronome spring, just loud enough to be heard, seemed more • 
distractin*g than the metronome itself. 

From these experiments we conclude that the influence of a sound- 
sensation upon the time of reaction to sound-sensation is very small 
as long as that sound is a steady tone hut becomes veri^ marked when 
the sound is intermittent, 

Expkbiments showing the difference in the time op reaction 
TO sounds when the sound is heard in two ears 

INSTEAD OP ONE. 

It has already been suggested that the best way to produce a 
sound-stimulus for purposes of reaction is to use a head-telephone 
with a receiver at each ear. The following set of experiments were 
taken to show tlfe relation between the time of reactions when the , 
stimulus is heard in one ear and the time of those in which the same 
stimulus is heard in both ears. 

The arrangement of the telephones has already been described. 
The method of experiment was similar to that of the experiments 
which have been described above. The person reacted ten times 
with a telephone at only one ear, then without interrupting the series 
he placed the second telephone at the other ear and continued to react 
ten times more. To eliminate other influences the order was some- 
times reversed and the first half of the series taken with the sound 
in both ears. 

T^ble VII gives the average of twenty-one series taken in this 
way. With the exception of three cases, where the ])(*rson had no 
experience, the reaction to the sound in both ears is much shorter 
than that of the reaction to the same sound in one car. Tiie average 
of the thirteen series upon the writer, who was the only one having 
experience in reacting, with the exception of Dr. Scripture, give foi^ 
one ear a time of 147^ and a mean variation of for two oars a 
time of 133*^ with a mean variation of 19^. The number of experi- 
ments with one ear was 108, with two ears 123. The average of 
eight series taken on four other persons gives for one ear a time of 
207® with a mean yariation of 38®, for two ears a time Of 188® with 
a mean variation of 31®.* The number of experiments with one ear • 
was 83, "with two ears 82. 

A natural explanation of the difference between the reaction-time 
vvhen the signal is heard in one ear and the reaction-time for tlfe 
same signal heard in two earn w'ould be found in the difference in 
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the intensity of the sound as heard in the two ways. In order to 
sees whether this explanation was satisfactory or not, fifteen series of 
experiments were taken in which the stimulus was varied .in inten- 
sity from a loud to a weak sound. 

This change of intensity was secured by introducing a resistance- 
boi into the telephone circuit. The battery then in use consisted of 
twelve gravity elements. With the normal resistance of the circuit 
they gave a current of 0.5 amperes. . With an additional resistance 
of 100 ohms the current was reduced to 0.08 amperes and the click 
made by making the circuit was a weak sound compared with that 
heard in the telephone when the normal current was used. Yet it 
was a sound which could be distinctly recognized. A switch was 
so arranged that by a turn of the lever the resistance box could be 
brought into the telephone circuit. 

TABLE VII. 


I 

i One ear 

1 

MV 1 n 

! 

Two ears 

MV 

n 

C, B. B. 147 

19 j 108 

133 

19 

123 

E. W. S. 269 

i 

58 ! 17 

! 

199 

38 

20 

— 

T. J. L. 182 

35 1 39 

175 

26 

33 

W. I. 0. 192 

29 1 15 

201 

33 

1 ‘39 

Weighted mean | 170 

i 

27 1 179 

1 

158 

24 

m 


The average for 132 experiments with the loud sound was 143*^, 
with a mean variation of 13". Tlie average of 126 with the weak 
sound was 153", with a mean variation of 16". The difference 
between the loud and weak sound was 10". That between one and 
two ears was 6". 

Attention might be called in passing to the fact that in this set of 
experiments four series were taken in which the succession of loud 
and weak intensities was irregular. The experimenter was told to 
make it as irregular as possible. The average of these four series 
^or the loud sound is 143", for the weak sound 155". The mean vari- 
atjpn from the average of the whole set is, for the loud 16", for the 
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weak 17*^. The number of reactions to the loud sound was 64 to the 
^eak sound 66. ; 

These figures are in marked contrast to those of Wundt. With 
him 18 successive reactions to a strong sound gave a time of 11C<^ 
with a mean variation of 10^. A set of 9 reactions to a weak sound 
gave a time of 127*^ with a mean variation of JW^hen the fiuc- 
cession of loud and weak sounds was irregular the time for tlie loud 
sound was 189®^, mean variation 38®, number of experiments 9. The 
time for the weak sound was 298®, mean vanation 70®, number of 
experiments 15. The increase due to irregularity in his case amounts 
to 114®, in our case to 12®. 

It can scarcely be that there was a greater difference between the 
sounds he used ; the difference in the present case was so great that 
the loud sound, when the order was unknown, was greatly dreaded 
and always prodfleed a decided shock. 

There are two other series of experiments which are worthy of 
note, having been taken without warnings. Their average for forty 
experiments is 139®, moan variation 20®, whereas the average of the 
thirteen series taken on the same person under the same conditions 
but with the warning was 140® Mdth a mean variation of 10® ; total 
number of experiments 231. Wundt’s figures on the same ])oint are, 
with warning 125®, without warning 259®, total number of experi- 
ments, 61. 

We have shown that a large part of the difference between the 
tim^^ of one and two eai* reactions is due to the difference in intensity. 
Buti^o test this point morp closely another set of experiments was 
taken in which this factor was entirely eliminated, ijes, more than 
eliminated. The reaction-time of one and two ears was compared as 
in the last set but at the same time the intensities of the currents 
were varied so that the sound heard in one ear was judged to be 
much louder than the combined result of a weaker sound heard in 
both ears. If intensity be the only factor in producing the differ- 
ence between one and two <jp.r reactions then the reaction under these 
conditions ought to be much longer for one ear than for two. In 
only two series was there any marked difference between the two. 
One of these is i^j favor of the loud sound in one ear the other in 
favor of the weak sound in two ears. The difference between the 
final averages of the ten series is only 1®, practically 0. 

■ Therefore: the reaction-time to sounds heard in two ears seems to 
be shorter than for the same sound heard in one ear even after due 
aUowance has been made for difference in inte/nsity. 
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In all of these experiments the sound in two ears was located^ in 
the upper interior part of the head. Turning the attention toward 
the sound resulted in rolling the eyes upward ; the sound seemed; 
closer at hand and less effort was required for reaction than i^hen 
the stimulus was heard in only ope ear; the reaction also seemed 
more automatic, especially when the attention wa6 turned to other 
things. 

Conclusions from the three precedino sections. 

The general results of these experiments in reaction-time can be 
summed up as follows: . 

1. The experiments did not indicate any difference in reaction- 

time produced by changing the color of the light present in the 
field of vision. ^ 

2. No difference was detected between the times of reactions in 
the dark and those made while looking at a stationary incandescent 
light of six candle power. 

3. When this light was in motion the reaction-time was lengthened. 

4. No difference was detected between the times of reactions in 
silence and those made while listening to the steady sound of a 
tuning-fork making 250 vibrations per second. 

5. When the intermittent sound of a metronome was substituted 
for that of the fork, the reaction-time was lengthened. 

6. The reaction-time to a sound heard in both ears is shorter than 

when the sound is heard only in one ear, even after making allow- 
ance for the difference in intensity. i ■ 

Introspective ohseryations on reactions. 

During the larger part of the experiments pencil and paper were 
kept in the reaction -room and immediately after each series of 
experiments the person reacting noted down any conditions liable to 
affect the time of his reaction and any, observations which might 
throw light on the nature of reaction-time. These notes were after- 
wards transferred to the record blanks, just below the records to 
which they referred in order that these records might be used more 
intelligently. 

A careful study of the notes togetlier with the records to which 
they refer brings out many interesting points. Not all of them can 
be touched upon here but the most important ones will be found 
belpw substantially as they were written down from day to day. 
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^fter a few weeks practice reacting becomes so much a matter of 
bj^bit, that trying to recall what has taken place during a serietf is ' 
like trying to remember dreams. The more striking points are 
easily retained but the larger part of the points which are noticed 
during the series are gone beyond recall unless they are noted down 
within a few minutes. A little practice enables one^ to record* all 
mistakes in reacting, all reactions to warnings, all reactions regis- 
tered before the signal is heard and all cases where the reaction-time 
is greatly lengthened by a physical or mental disturbance. 

Notes made in the Beaction-Room Immediately after Experiments. 

The following abbreviations are used : 

■W=Waming. 

R=Reaotion. 

M=Mu8ciilar. 

Att=Attention. 

** fore ”=Reaction before the signal. 

Met = Metronome. 

Om= Omitted. 

a=:Urst, b second half of a series. 

The figures are taken from the original records for comparison with the notes. 
The numbers of three figures are reaction-times, those of one or two figures are 
mean variations. Where two sets of figures are given the first pair is the first 
half and the second pair the second half of a series. When the note refers to a 
particular experiment that one is comjmred with the rest of the series and its 
figures are given first. In order to make the meaning of the notes oleai'er ex- 
plaicatory remarks have been added ; these are distinguished by italics. 

1. JR. to light. 

2. Sounds heard outside. 

63. Irregularity due to novelty of M. (134-6 — 138-17). HhowitAj that tlie irregv.- 
larity wcls over-estimated. 

66. Turn Att.=turn eye. 

76. 6, 8-11. React with jerk. (133 — 135-8). The average of these four is 2^ 

shorter than that of the rest of the series. 

78. React with full arm movement. (138-13 — 137-28). 

79. R. to W. 

82-4. Tired, nervous, slow, (f 34-26 — ^118-20.) Mistake in judgment. 

94. W. I. 0. “ No difference.” (209-22 — 181-31.) S'howing laek of praxitice. 

95. Notice regularity with two ears. The figures donH show it. 

96. a. 1. React in apite of resolve. (222 — 197-26.) A purely automatic reac- 

tion, extra long. 

96, Trying to think ot Schopenhauer. (200-27 — 179-24.) At least 5(P longer 
than the normal reaction-time. 

99. One R. before will impulse. 

98. R. to W. — ^b, 1, om. in relaxation of silence. Sound terrific. (Silence 188-7 
— ^with sound 133-10.) No effect from this very loud tuning-fork sou%d. 

. . 3 
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100. a, usnid way, b, tense muscles. (146-3d*-120-16.) In one case will didn’t 
overcome pressure. Att. confused in learning a new lesson. In spite ^ 
confusion the reaction toiih tense muscles are shorter than^he others I 

105. Last four, extra effort. (163 — 161-10.) 

106, 7. Dr. Scripture ** Not used to react without W. Have to * wake up * when 

only one ear is used.” Two-ear reaction is more automatic. 

108. ' B. to small ^ound raises finger but little. Showing the reflex element in aU 

reactions. 

109. a, 6. B. too weak to raise finger, b, 8 “fore.” 7-10, absorbed in plans. 

111. a, one “ fore.” All sorts of distractions, pain in toe, wagon, shadows, 
thought. 

113. Last one quick. Way prepared for motor impulse. (127 — 156-15.) Correct 

estimate. 

114. 9 “ fore.” Met. very loud, scarcely hear W. 

115. B. to W. Last 3 good. First 2 om. 

116. Met. gives terrific sound. 

119-21. Effort to touch a point 6 in. away. < 

126. The same. Very quiet ; perfect type, b, att. more to muscles. (133-13 — 

139-11.) 

128. a, one ear, b, two ears. Two slightly longer. (148-18 — 142-23.) fllrror in 

judgment. 

127. One om. driven out by another idea. B. to W. Every W. heard with ten- 

dency to B. 

129. Sensory — ^M. M. quicker, harder. (129-10 — 127-9.) Not enough quicker to 

he detected. 

130. a., i. Terrific scraping; =insulation worn off in key. b, Att.=rolling 

eyes up. 

134. 2-1 ear. 2 ear quicker. (127-7 — 140-15.) Correct, a, 9 Automatic. 
Mind returning from wandering surprised. (124-7 — ^183.) 

136. Att. all over, affects nerve force. 

137. Loud — ^faint. Tend to give more Att. to faint sound at first. 

141. Att. wandered. (157-17.) ^0^ longer than nortnal, 

142. (153-14 — ^132-9.) ) Exercise between 142 and 143. Quick pulse, deep 

148. (129-6 — 127-18 .) ) breathing. Shortening the time 

144. Careful Att. Sensory (?). Eye turned up. a, 5, long (202). b. 6, long (226). 

(153-13-170-7). 

145. Faint demands, loud compels Att. Att. wandered. (Faint 152-17— loud 

132-4). 

149. *^ 9, “fore.” M. Faint-loud. Don’t notice Uif. intensity. M=hard work. 

(150-15 — 156-31.) Attempt at muscular reaction a failure. 

150. Beact best way. Att. good. (168-19 — 171-8.) Error in judgment. 

153. Faint-Loud. Irreg. No accommodation, no guessing. (148-16—167-21.) 

154. No influence from knowledge of problem. One B. too faint to be recorded. 
156. Sound varies from large sound to small short shai^ pops=;poor contact in 

multiple-key. 

1Q8* 1 ^ week, b, 1 No B.; too weak for one ear. 

159. b, 1, loud sound in two ears. Awful start— Quick. (128-141-7.) 4 case 
. where the reflex element shortens the time. 
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160. Last half thinking of something else. (184-159.) 

Ifil. Met. magnet didn’t work. Started it myself. 

164. DistrT of small sounds more than Met. 

171. Beverberation of Met. spring very distr. (160-12 — 196-21). 

172. Head most aches. Not feeling well. W. don’t nerve me up. Sleepy. (182- 

11-156-16). 

176. One “fore.” 

177. Sleepy. Not energy enough to tell what I have done. It was pretty good. 

(156-17 — 193-29.) Error in judgment 

178. Not BO good. Uncomfortable position. Thought distr. more than noise. 

(172-27—167-13.) 

182. Clear mind, like crystal, a sharp frosty morning, or the clear blue sky. 
(149-16-155-19). 

186. Thinking of key. Does it distract ? (150-21 — 196-48). Decidedly. 

184. Noise of met. board provokes me. (151-8 — 205-9.) Showing that irreg. 
sounds are much more distracting than the metronome. 

195. Two om. ; one^low. No light at first. 2-4, one ear. Wagon : Out of 

patience ! (136-8 — 158-15.) 

196. Best yet. (154-12 — 129-8.) a, 1-6, uneasy, b, first rate ; key between 

fingers. 

198. a. Not esp. good. (134-16—146-10.) 2-4, Att. off. 147, 138, 139. As 
good as 196. 

204. Some one up stairs. Warning out of order. (151-13 — 158-12.) 

201. Distr. smaU. (180-7—139-10.) 

202. Too fast. Fairly good. (127-10 — 134r-17.) Last 3 thinking of spark. 

125, 180, 128. 

205. a, 6. Wagon heard on the street. (122 — 136-13.) No disturbance shown — 

b, 3. Seashore dropped something. (156-139-12.) 

208. Seems long. Att. Wanders. (159-15 — ^161-14.) Decided effect, 

209. ^ittle Att. Not tired. No ability to apply myself. (171-10 — 151-6.) 

206. First rate, last half of b, distr. by wagon because I ought not to hear it. 

(139-16—156-13.) 

207. Not so good. Too excited, b, light steadies me. (143-9 — 148-17.) 

208. Hard to hold att. for 20 experiments. (146-11 — 162-11.) 

209. Impossible to do good work. Think of everything. (188-9 — 161-13.) 

210. Old position, elbow on table. First class example of inattention. Reac- 

tion natural in the flow of ideas. (141-13 — 140-8.) 

211. First rate; h, 1, “fore.” Innervate finger and forearm. (132-14— 141-Jil.) 

213. Very good, b, end, M. *(180.) One before sensory. (129.) Perfectly 

passive. Not innervation enough to hold the key. (129-8 — 141-20.) 

214. Not quite as good. (121-12 — 135—16.) 

215. Try to get away from bodily feelings =innervate Cortex. (128-7—147-18.) 

216. The same. (126-12—145-9.) 

The first impression on reading over these notes is one of surprise 
at the number of experiments in which there is some disturbance of 
the attention aside from that of the stimulus and warning. No 
amount of care in the preparation of a reaction-room and in remov- 
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ing external influences can do away with skin sensations, with mus- 
‘ cular feelings, with changes in the physical and mental condition 
with the ceaseless flow of thought. 

An examination of the notes shows that these disturbances vary 
greatly. At times they are very prominent ; then again they will 
he scarcely notijiced. Record 196 is such a case. The note says of 
the series as a whole “ best yet,” of the first half “ uneasy ” of the 
second half “ first rate.” The figures are : dark 154'^ with mean 
variation 12*^, steady light 129*^ with mean variation 8^. Records 
134-7 also ought to have more weight than the average series. 
Their note says “ best part of the day, excellent physical condition, 
mind clear and sharp.” The figures in this case are : two ears 
129^ M. Y. 9^, one ear 139^ M. Y. 14^. Certainly the average of a 
dozen series all of which had a similar certificate of the conditions 
under which thej^ were taken would give different results from those 
of a set made up from records like 178. The note on this record 
reads “Not so good; uncomfortable position. Thought distraction 
very great.” The times are : silence 167^ M.Y. 13*^; metronome 
172^ M.Y. 27^. To gain the most trustworthy results a large number 
of experiments should be taken and only tliose used which are free 
from all conscious disturbance. 

Though introspection is of great value in estimating the general 
conditions of an experiment and showing the influences which affect 
the results yet it is not to be trusted in estimating the results them- 
selves. Aside from the fact that the mind is unable to accurately 
estimate small divisions of time under the. most favorable conditirons,' 
its judgment is peculiarly liable to be affected by the conditions of 
the reaction. Its report is what it thinks ought to be rather than 
what it actually sees. For instance, in scries 82-84 the reactor was 
tired and nervous and therefore judged the reaction-time to be 
longer than usual. The figures are: one ear^l34'^ M.Y. 26*^, two ears 
118^ M. Y. 20*^, showing that the nervous excitement more than 
counterbalanced the physical fatigue. o 

In series 150 after having reacted in the muscular way in the pre- 
vious experiment, the j^erson reacted in the way which he thought 
would give the shortest time. Accordingly he judged the time of 
that series to be less than that of the preceding one* The figures 
for this one are: loud 168®^ M.Y. 19^, weak 171'^ M.Y. 8*^; for the 
preceding one: loud 150*^ M.Y. 15*^, weak 156^^ M.Y. 31*^, being just 
the i-everse of his judgment. 

' IIabtius, Ueber die musculdre Reaction und die AufmerJesamkeit, Phil. Stud. 
1891 VII 167. ? . 
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The last four reactions of series 76 were made with a violent jerk, 
^ore effort was put forth and the mind inferred that the reaction 
must be quicker. The average of the last four was 133*=^, that of the 
first half of the series 132'^. 

Again, in 78 the reaction-time was judged shorter than usual. In 
this case the hand was raised to the shoulder in every nsaction. There 
was more motion and more effort, therefore the mind judged that 
the reaction started quicker. The figures are : silence 138^ M.V. 
13^ ; with fork sounding in the telephone 137^ IM.V. 28" 

In several series, 126a, 126b, 127 the reaction consisted in touching 
a point on the table six inches from the key. Raising the finger 
from the key to make this motion broke the sjiark-coil circuit, and so 
only the beginning of the motion was registered. Here again the 
mind was mistaken in judging that the ri*action-time was quicker 
than usual. Tlie average of the parts of these series not subject to 
other disturbing influences was 141" M.V. 11". 

In connection with these expeiiments where the attention was 
directed to a motion for which the reaction was a means, the idea 
suggested itself, but has not yet been carried out, of having a second 
reaction-key in place of the point on tlie table, 'l.^iien we should 
have recorded in addition to the reaction-time, the time required to 
make a certain movement. This would doubtless vary from time to 
time with changing mental and physical conditions. None of its 
variations could be attiibuted to influences acting upon the c-onscious 
part of the reaction as it would be purely automatic aftei* slight 
pra 4 '.tice. This might tlnow some light on the relative ])ortion of 
the variation in reaction-time which is to be assigned to the 2 )nrely 
psychical paii;. Possibly it might be used instead of the siinjile reac- 
tion as a standard for coinijaring the different kinds of reaction -time- 
Between 142 and 143 the reactor went through vigorous muscular 
exercise so that, whereas 142 was taken with the body in a quiet 
passive state, during 143 the pulse-beat was strong and ra 2 )id, the 
breathing deep and heav^j and the whole system generally excited. 
The figures for 142 are : 153" M.V. 14" for a loud sound in one ear 
and 132" M.V. 9" for a weak sound in two ears. The figures for 
143, after the exfjrcise, are : 129" M.V. 6" for the loud sound in one 
ear and 127" M.V. 13" for the weak sound in two ears. The shorten^ 
ing of the time by exercise was 14", 

But the cliief value of these notes is found in the light which they 
throw upon the nature of simple reactions. In the first 
these reactions muscular or sensorial ? 
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Wundt says that, with a signal loud enough to be clearly heard, 

• we naturally react in the muscular way. He explains the difference 
between the time of reactions to weak sounds and those* to loud 
sounds as due to a passing from the sensorial to the muscular way of 
reacting. In all of our experiments, with a few exceptions, the 
signal to react was a loud sound. This would seem to indicate that., 
our reactions were muscular. Furthermore, the two criteria, which 
Wundt regards as sure signs of muscular reaction, were both present. 
In six cases at least a reaction was registered just before the signal 
to react was heard, while scarcely a senes passed in which there was 
not one or more reactions to a warning. 

On the other hand, tliroughout the whole course of experiments 
the reactor believed that he was reacting in the sensorial way. The 
attention, with the few exceptions about to be mentioned, was invari- 
ably directed to the ear or rather, as it seemed to hW, to the sound 
to be heard. The eyes turned in that direction and there was a dis- 
tinct feeling of accommodation in that part of the head, due to a 
combined muscular and nervous excitation. The reactor even went 
so far as to attempt reactions after the muscular way, carefully direct- 
ing the attention toward the hand or the movement to be made. 
In one case, before the reaction habit had been formed, the reaction 
was shortened in this way from about 140*^ to 100^. In one of the 
later series, 139, an effort was made to have the last three reactions 
muscular, two of these were 110^ and 112'^ while the average of the 
other half of the series was 142*^ M.V. 8^. These would seem to be 
true cases of muscular reaction, if there ][)e such a thing. Buj; in 
general the attempt to shorten the reaction-time by turning the at- 
tention toward the hand or the movement to be made was a decided 
failure. More often the time was lengthened. It seemed very diffi- 
cult to overcome the habit of turning the attention toward the ear. 

It would seem that those experiments in which the attention was 
directed to a peculiar movement of the hand or arm, to touching as 
quickly as possible some point near the ]cey or raising the hand as 
quickly as possible to the shoulder, satisfied the definition of mus- 
cular reaction. Yet none of these show any signs of a decrease in 
the reaction-time. 

• Finally, in none of the reactions save those in which there was an 
attempt at the muscular method, did the person experience that 
peculiar physical fatigue which is generally ascribed to the mus- 
ciffar mode of reacting. The fatigue was always mental. As such 
it was very marked at the end of five or six series. From this point 
of view these reactions must be regarded as sensorial. 
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But again, according to Wundt, the peculiar nature of muscular 

opposed to sensorial reaction lies in the fact that, while the sen- 
sorial reaction contains an apperceptive link in the chain of causes 
leading to the reaction, this disappears in the muscular method and 
the reaction becomes a purely automatic brain reflex. 

. Turning to the notes taken in the reaction-room we read, “ Reac- 
tion a,*l, series 96, was made in spite of a resolve not to react.” 
This was certainly a purely automatic brain reflex” and contained no 
“apperceptive” link. The time of this reaction in the table is 222*^. 
The average of the rest of the scries 197*^ M.V. 26^. Reaction a, 9, 
series 134, was made while consciousness was entirely absorbed in. 
soiliething else. When it returned to the scene of operations it was 
quite surprised to And that a stimulus had been received and a reac- 
tion made in its absence. Its servants had done better than it ex- 
pected. Surely^this must be an “ automatic brain reflex,” with no 
trace of conscious perception or “ apperception.” The time was 183*^, 
that of the whole series 124®^ M.V. 

In series 99 one reaction took place before the will to react. That 
was set down at the time as a brain reflex. Its time however was 
not materially diflPerent from that of the other reactions in the series. 

Several times, for instance in 108, it was remarked that a reaction 
to a weak sound only raised the finger a little whereas the reaction 
to a loud sound raised it over an inch. 

These instances all seem to show .that as soon as the habit is 
formed all our reactions are in the main brain reflexes. But they 
sho'^ just as conclusively that quick reactions are something more. 
The reflex action left to itself is slow, compared with the reflex 
action with the concentrated effort of the mind to hurry it along. 

Wundt lays great emphasis upon reactions to the wrong signal as 
proving the reflex nature of muscular reaction. Maktius^ takes 
him to task for this and proves that he is wrong by showing that the 
same phenomenon occurs in sensorial reactions. Wundt is right. 
They do prove that muscular reactions are brain reflexes. But tjiey 
also prove that sensorial reactions are reflex in exactly the same sense. 
A note was made, referring to 127a, in which there had been a reac- 
tion to a warning, “every warning is heard with a* tendency to 
react.” And so it is with all sounds. All sounds tend to produce , 
motion in some part of the body. We notice it in the case of loud 
sounds, in the case of sounds which startle us and especially in the 
case of rhythmic musical sounds. In the same way reaction is* a 


‘ See the article cited above. 
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brain reflex. Therefore the difference between sensorial and mus- 
• cukr reactions is not to be found by deciding whether or not th^ 
Rve brain reflexes. * 

The key-note to much of the confusion about the different kinds 
of reaction lies in the indefinite use of the word attention and in a 
lack of careful introspective analysis of what actually takes place in 
consciousness. 

The word attention is most commonly used in the sense of idea- 
tional attention. This kind of attention is described by such expres- 
sions as: “Having a clear idea of the object of attention;” “keep- 
ing the object in the foreground of consciousness “ thinking 
about an object calmly and quietly, yet clearly.” It is passive as 
distinguished from the two following varieties of attention. There 
is little feeling of effort. What there is, is largely devoted to the 
inhibition of other ideas. Doubtless there is a siight innervation 
and muscular contraction but they are not prominent in conscious- 
ness. 

This kind of attention can be directed to any part of the body, to 
any motion to be made or stimulus to be perceived, or to something 
entirely disconnected from the experiment. For instance, in one 
series, 96, the reactor fixed his attention on a lecture which he had 
just attended. The time for one ear was 200^ M.Y. 27^, for two ears 
179^ M.V. 24*^. This exceptionally long time was not due entirely to 
voluntary diversion of tlie attention ; the series was also taken 
without a warning to tell when the signal was to be expected. 

As a rule tliis kind of attention does ,not shorten reaction-time. 
So far as distinct thought forms are concerned, the nearer a blank 
the mind can be kept the more satisfactory seems the reaction. 

Often, turning the attention to another object seems to facilitate 
the movement, just as in writing the hand moves more freely when 
the attention is directed to the word being written than when it is 
directed to the muscular effort involved. It seems to drain off the 
surplus ideational force and leave the fiel<J clear for the reaction. 

Using the word in this sense Mabtius is right in criticizing Muns- 
TEBBEBG wheii he speaks of the idea of the sound as fusing with the 
idea of a movement to be made. There is no f^ising together of 
these ideas. Association is the word which describes their relation 
to one another, and the association is alw^ays a temporal succession, 
so far as the ideas themselves are concerned. It is impossible • to 
kfiep two of these ideas in consciousness .for any length of tinie. 
When the effort is made, it results in a rapid passing from one to the 
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other. First one cdines into the foreground of consciousness, then 
the other. 

A second sense in which the word is used is tliat of neural atten- 
tion. Were it not for the fact that the word usually implies an 
increase in the muscular tension this might he called innervation. 
It results in biinging into consciousness the neural senijjitlons. Some- 
times it seems like a voluntary control of the nerve-force similar to 
the involuntary change which is. produced by a severe strain when 
an increase in nervous excitement for the time being counter})alances 
physical fatigue. Closely combined with it there may be more or 
. less of the feeling of outgoing will force as experienced in willing- ■ 
games where one person wills another to do some particular thing. 

This is closely connected with a third meaning of the word atten- 
tion, namely, feeling-attention, i. e. the becoming immediately con- 
scious of different parts of the body, which may be expressed either 
as bringing those j)art8 into consciousness or as extending conscious- 
ness into them. 

Using tlie word attention in either of these meanings it is pos- 
sible to turn the attention to different parts of the body at the same 
time and to speak of ideas melting together. Hut the ideas here 
are quite different from those which we found in the first division. 

In one case, 136, this attention was directed to all parts of the 
body at the same time. It seemed to increase the nerve-force and to 
result in a general excitement of the whole system. The average 
time of this series was 148*^ M.V. 11^, that of the series just before 
and just after, under the f|;ime conditions was 129” M.V. 10”. But 
a single experiment is hardly sufficient to show the^c'ffect of this 
kind of attention. No experiments were taken in which this kind of 
attention 'was directed to one or two parts of the body during a 
whole series. 

A fourth sense in which the word attention is used is that of mus- 
cular attention. Involuntary changes in the condition of the muscles 
t£ike place in response to various psychical changcjs ; for example, 
they become tense in a fit of anger. To a large extent a similar 
change may be produced by voluntary effort. Something similar to 
this is usually meai^t by the expression “ innervate the muscles.” We' 
can keep the muscles of the hand or arm i-elaxed or in a state of 
tension independent of the tliree kinds of attention already men- 
tioned. Record 100 is an example of this ; the first half was taken 
in the usual way and had a time of 146” M.V. 33”, the second hatf 
was taken with tense muscles and had a time of 120” M.V. 16”. In 
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one of the experiments in this series the motor impulse for reaction 
^ was not strong enough to overcome the pressure on the key. 

A fifth way in which attention can be directed is best expressed as 
a preparation of the path for the motor impulse from the brain.. 
This consists of a moderate innervation of the whole nerve tract, a 
small muscular tension and an effort to get a clear idea of the sound 
and the movement to be made, resulting in a rapid passing of the 
thought from one to the other. The last experiment of series 113 
was made in this way ; the time was 127*^, that of the whole half- 
series 156*^ M. V. 15*^. 

A sixth state of the attention, one which requires as much effort 
of a certain kind as any, is that of inattention. All ideational atten- 
tion, all neural attention and muscular attention are withdrawn 
leaving the reaction mechanism as far as possible to work automat- 
ically. This reduces the circulation, the nervous a^hd muscular ten- 
sion and with that the whole energy of the system. The tension of 
the muscles becomes so weak that they sometimes fail to move the 
very light spring in the reaction-key. By this means many persons 
are able to put themselves to sleep in a short time. Series 210 
was taken in this condition; the time was, in the dark 141*^ M.V. 13*^ 
with a steady light in the field of vision 140^ M.V. 

None of these six descriptions accurately state the condition of the 
attention in the majority of our experiments. The most prominent 
feature was always an expectant attention, a strain in the muscles of 
the ear and a waiting for the sound. There was no attempt to form 
an idea of what the sound was to be, but simply an effort to hgar it 
as quickly as possible. At the same time there was an under-current 
of neural and muscular attention directed to the hand and arm. If it 
is proper to use the terms primary and secondary consciousness, the 
primary was engaged with the sound, thp secondary with the motor 
apparatus. 

Aside from these seven phases of attention numerous other com- 
binations of the three elements are possible. The dividing line be- 
tween the classes is not a sharp one. All three or any one can be 
given especial prominence. Certainly the expressions muscular reac- 
tion and sensory reaction are of themselves very indefinite and give 
no accurate descriptions of the distribution of psychic energy. 

With these different kinds of attention in mind it would be impos- 
sible to agree with James when he says,‘ in speaking of Wundt’s 
amd Exneb’s experiments, “ The preparation to react consists of 


^ principles of Psychology, 1 438. 
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nothing but the anticipatory imagination of what the impressions or 
tljp reactions are to be” and “It is impossible to read Wundt’s and 
Exner’s pst^es and not to interpret the ^ Apperception ’ and ^ Spannung ’ 
and other terms as equivalent to imagination.” A little practice will 
enable one to become master of all the different phases of attention 
here mentioned and many others more difficult to describe. 

The remarks thus far have referred to voluntary attention. On 
the other hand there is a large involuntary element always present in 
the state of attention at any given time. This changes with practice 
and with the mental and physical condition. One naturally falls 
into a habit of reaction. The attention in that case is largely invol- 
untary and resists all efforts of attention in other directions but co- 
operates with additional voluntaiy attention in the same direction. 
When a person is sleepy he has little control over the attention. 
The same is true ^hen he is wrought up to a high state of nervous 
excitement. 

The mass of bodily feelings varies with changing physical con- 
ditions ; when one is fresh and vigorous they are large and massive 
and the motor impulse to reaction seems to meet more or less resist- 
ance in passing through them. After prolonged bodily or nervous 
strain these feelings tend to grow less and their center gradually 
rises. The extremities drop out of consciousness and the reaction 
seems to take place with less resistance. The background of all 
these various forms of attention is the constant play of psychic life. 
Waves and ripples of feeling and conation are incessantly passing 
through the mind. More clear cut and easily recognized are the 
ideas and images of the memory or imagination which follow each 
other at their own fancy. Now they pass along lightly like fleecy 
clouds over a summer sky. At the sound of the warning they 
vanish from consciousness and all the energies of the mind are bent 
to catch the coming stimulus and make the reaction. At another 
time the thoughts roll along like heavy irresistible storm-clouds. 
They heed not the faint waniing or even the signal itself. Througjfi- 
out a whole series the mind will be busily engaged inventing new 
apparatus, improving the old or struggling with some great problem 
of life. The reaction, so far as consciousness is concerned, goes on 
automatically. No amount of effort at the end of the series can call 
into consciousness a single fact connected with the reaction, nothing 
save the elements of this dream-like stream of consciousness. But 
during such a series let there be a break in the regularity in the 
recurrence of waiiiing or signal and the mind is instantly alert to 
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inquire into the matter. Though apparently absorbed in other 
matters, yet there is a kind of unconscious attention being directed 
to the reaction. 

Again, when the mind is apparently wholly engaged in the matter 
of reacting, an idea will suddenly come into the mind from some 
mysterious qipirter with force enough to cany away for the moment 
all the attention, unconscious as well as conscious. In series 127 
there was such an instance. An idea suddenly flashed upon the 
mind just as the signal was heard and the motor impulse being 
started ; the whole force of the attention was diverted and the only 
impulse which reached the hand was a tremor too weak to raise the 
finger. 

These observations and others suggested by tlie summary of the 
notes taken dunng the course of the experiments show that there is 
still much which can be learned about the mind and its processes 
from the study of reaction-time. They suggest a large number of 
experiments which might be carried out along the different lines of 
attention. Most of all they emphasize the great value of introspec- 
tion. For the rougher work m reaction -time this may not be neces- 
sary. We can easily detect differences in reaction-time due to the 
presence of very distracting influences, to the effect of practice, to 
changes in intensity of the stimulus, to a change in the quality of 
the stimulus, and to many similar changes. But as soon as we 
inquire into the nature of reaction, and try to make quantitative 
estimates of these changes and to leam more about the nature of 
the mind’s activities, then introspection is necessary. 

Some will criticise these reaction-experiments because they were 
all made upon one person, and therefore can give no idea of what 
would be the result in another case. They say that results to be of 
value must be made upon a great many persons and the average 
computed as has been done in the case of physical measurements. 

In reply it may be said of physical measurements that while statis- 
tical results from one point of view arq of great value yet all the 
important discoveries in physiology have been made upon individuals. 
Statistics would never have discovered the circulation of the blood 
or the constituent parts of the brain. The human body is for the 
most part the same the world over and a discovery in anatomy in 
one body holds good in all others. The same thing is true in psy- 
chology. Nearly all the results thus far obtained have been gained 
from the study of individuals. Tlie human mind like the human 
body is for the most part the same in its workings everywhere and 
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a discovery in one mind will hold good for other minds. Though 
ii^portant results will be reached along statistical lines yet the 
greatest advance in the future as in the past will in all probability 
be made by discoveries in investigating individuals. 

Experiments showing the effect of changes in yiiB state ’of 

ATTENTION UPON THE MAXIMUM RATE OF VOLUNTARY 
MOVEMENT. 

In a series of experiments carried on at Clark University, Dress- 
LAR found that the time required to make 300 taps varies with 
different individuals and with a change in the mental and physical 
condition of the same individual. Increased central activity favored 
an increase in the rate of voluntary movement.* Bryan continuing 
the investigation^ upon a large number of school children found that 
the rate of tapping for the different joints of the hand and arm 
varied with children of different ages in accordance with their 
physical and mental development.’* Many interesting points wore 
brought out as to the effect of fatigue and the relative development of 
the different joints. But with the apparatus which they used it was 
impossible to show the relation between the individual taps of the 
series. The most that could be done in that line was to detect a 
slight decrease in rapidity due to fatigue wlien more than 300 taps 
were taken at a time. Otherwise it was taken for granted tliat the 
ratt? was uniform throughout the series. 

l‘he following experiments were taken with the j)urpose of inves- 
tigating this question of the uniformity of rate. Our reae.tion-time 
apparatus offered the best possible means for measuring the interval 
between each successive tap. The taps were made upon the reaction- 
key in the dark room, and recorded by the electric sparks on the 
smoked paper of the drum. About 300 taps could be recorded on 
one paper by turning the drum slowly. An electro-magnetic time- 
marker was placed beside the tuning-fork and connected with a pen- 
dulum which beat seconds. This enabled one to tell at a glance the 
number of taps in a second in any part of the curve while, without 
it, it was necessary^ in order to find the number of taps in a second, 
to add up the successive intervals, given in thousandths of a second, 
until they amounted to a second, and so on throughout the series. 

^ Some influences which affect the rapidity of voluntary movements, Am. Joiif. 
Psyoh., 189HV 514. 

• On the development of voluntary motor ability, Am. Jour. Psych., 1893 V«l. 
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As a matter of fact this longer process was gone through in the pre- 
paration of the curves described below because there w%|3 a slight 
irregularity in the successive spaces marked oif by the pendulum,, 
due to the fact that the mercury contact was not made exactly in 
the middle of the arc of oscillation. 

A click on the bell was the signal to begin tapping and the instruc- 
tions were to tap as rapidly as possible until a second click announced 
that the record was complete. 


TABLE Vin. 


No. 

A 

MV 

MV' 

No. 

A 

MV 

MV' 

1 

139 

15 

12 

11 

139 

11 

1 

9 

2 

134 

9 

9 

12 

144 

11 

3 

3 

135 

7 

7 

13 

147 

14 

3 

4 

130 

7 

6 

14 

147 

14 

7 

5 

130 

4 

4 

15 

138 

7 

6 

6 

133 

6 

7 

16 

143 

9 

5 

7 

130 

9 

7 

1 . 

17 

114 

15 

6 

8 

133 

4 

4 

18 

148 

19 

6 

■ 

138 

6 

3 

19 

. 143 

16 

5 

■ 

138 

6 

" 1 

20 • 

139 

10 

5 


No., number of group. 
A, average time. 


Table VIII gives a summary of the figures for one experiment. 
There were 180 taps, or rather intervals between successive taps, 
recorded in this experiment. They were collected into groups of 
nine for the purpose of showing the gradual changes in the rate 
during the series; instead of finding that the . intervals are all the 
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same, we found a continual variation. During the 180 taps there 
w#re only four cases where successive intervals were recorded as the 
same. Tfie intervals were collected into groups of nine for the pur- 
pose of showing the gradual changes in the rate during the series; 
only the averages of these successive groups are given in the toble. 
The deviation of the individual intervals was compute^ in two waCys. 
The first deviation-column represents the average deviation of each 


TABLE IX. 


Name 

Date 

A 

MV 

T 

.8 

W. I. C. 

Feb. 25. 

.. 

183 

9.3 

7.5 

39.9 

<< 

E^b. 38. 

147 

9.5 

G.8 

44.1 

A 


it 

145 

9. 

6.9 

43.5 

it 

« 

147 

10. 

6.9 

44.1 

it 

it 

138 1 

i 

1 3. 

1 • 

7.2 

49.4 

Average 


142 

9.3 

7.1 

44.2 

! 

0. B. B. 

• 

Mar. 24. 

175 

• 1 


5.7 

52.5 

DresslaT 

■ 

1 

117 


00 

* 35.3 

it 

Av. of 20 
visitors 

167 


6.0 

50.4 


A, average time. 

T, number of taps per second. 

S, number seconds for 300 taps. 


interval of the group from the total average of the 180 intervals. 
The second column represents its deviation from the average of its 
own group of nintf. The difference between the two is due to the 
gradual change in rate. Looking at the first column one would say 
that the irregularity of tapping increased very fast toward the end 
of the series but a glance at the second column shows that this was 
not the case. On the contrary there is a steady increase in the 
regularity of the intervals in the different groups but, owing to the 
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rapid increase in the intervals themselves, the deviation of the later 
groups from the total average is greater than that of the earl^r 
ones. ^ , 

Six of these experiments or sets of taps, were taken and they all 
show the same general results. The average for the successive- 
groups of nine taps for the six experiments were 140®", 137*^, 136®^, 
134*^, 139^ 144'^, 146^ 147^, 148*^, 150^, 145^^, 160*", 150*", 154*", 164*", 
164*", 153*", 152*" and 150*". These averages show an increase in the 
rapidity of tapjnng for the iirst four groups of nine. After that 
there is a gradual falling off for five groups then a slight recovery 
during two groui)s followed by a still greater slowing up for four 
groups and then another slight recovery. The average of the first 
set of groups is 140*", that of the nineteenth, which is the last to 
contain records from all the six experiments, is 160*". 



Fig. 14. 


Table IX contains the final averages of the six experiments. 
Besides the average interval between successive taps, and the average 
deviation from it, the number of taps per second has been computed, 
and also the time required to make 300 taps. This was done for the 
purpose of comparing the results with those obtained by Dbesslab 
and Bbyan. The time required for 300 taps is naturally somewhat 
less than it would have been if that number of taps had actually 
been made ; for the experiments show that the last taps of a series 
are much slower than the first owing to fatigue. 

However, we are not so much concerned with the number of taps 
in a series as with the regularity of the intervals between the suc- 
cessive taps. This can be studied much more satisfactorily by means 
of graphic representation than by tables. Accordingly the records 
of two series have been plotted. Thg resulting curves are given 
in fig. 14. 

The curves represent the intervals between the successive taps of 
each series. The abscissas show the place of esffih tap in the series 
while the ordinates represent the length of the interval between two 
adjacent taps, each vertical division on the paper representing 10*" 
and the horizontal line being taken to represent 150*". Thus the 
Thigh parts of the curve correspond to slow and the low parts to 
rapid rates of tapping. The short vertical lines mark off the secondiS^ 
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A glance at these curves shows how the interval between the taps 
is^bonstantly varying. Only in a very few instances does it remain 
the, same tor two successive intervals. For two, three or even four 
successive taps there will be a gradual increase in the rate until 
the mind is satisfied with its work or until it is unable to keep up 
this high strain of attention, when the rate again falls off. This 
effect can be seen in the second and third seconds of the first curve. 
Again as in the fourth and fifth seconds of this same series the 
process of change is more rapid. The rate alternately rises and 
falls with each successive tap. In the sixth second the rate falls off 
for three intervals, gains in the next what was lost in the last two, 
and again loses the same in the two following. Most of these 
changes pass unnoticed by the person while he is tapping. He 
is, however, at times conscious of a falling off in the concentration 
of attention and Aies to correct it by a special effort. 

The second curve, coiTesponding to the record of C. B. B. in table 
IX, is almost entirely above the 150^ line, showing a slower rate of 
tapping than the other experiments. The explanation of this is the 
fact that the experimenter had learned of the great iiTegularity of 
the inteiwals and in this case aimed to tap as regularly as possible 
rather than as fast as possible. The result shows a slower rate but 
also the same irregularity, the same increase and falling off in the 
rate, now rapid, now gradual. 

In all of these records aside from the usual variation in rate there 
are a few unusually longer short intervals. In the nature of the 
case there are more long ones than short ones. In one case there 
seems to have been a momentary break in the series, due very likely 
to a condition sometimes experienced by other persons in similar 
experiments. All of a sudden in the midst of a series of taps the 
arm seems to be momentarily paralyzed. 

Over and above this vaiiation in the rate from one tap to another 
there are larger gradual changes from second to second. During 
the first second there is alwsyrs a general increase in the rate. After 
the middle of each curve there is a gradual slowing up. Dbesslar 
detected signs of fatigue after 300 taps. My experiments show a 
decrease in the rate^soon after 100 taps. 

But aside from these two changes in the rate, an alternate increase 
and decrease of the successive intervals and a gradual slowing up to- 
ward the end, there is a third change brought out by these curves, 
which is of great interest. If we turn the curves around and look at* 
them from the end so that the line of vision makes a small angle with 
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the plane of the paper we notice a g^dual rise and fall of the curve 
every two or three eecoude. This is doubtless due to the gradual 
rise and fall of the attention and corresponds to the alternate appear- 
ance and disappearance in consciousness of a sound just loud enough 
to be heard, as for example the ticking of a watch held at just the 
right distance^ and with the alternate appearance and disappearance 
of faint rings on a rapidly rotating disk/ The chief point of differ- 
ence is that in those cases the phenomenon is a matter of con- 
sciousness whereas in this case the person is entirely unconscious 
of the rise and fall in the rate. This fact shows that the rise and 
fall are not confined to ideational attention but are also character- 
istic of the subconscious muscular attention. These results agree 
with those recently obtained in the field of sight and hearing” in not 
showing any regular period of rise and fall. In general it occurs 
every three or four seconds. * 

In the second, third, fourth and fifth experiments an effort was 
made to distract the attention of the person tapping. The warning 
and signal used in reaction-experiments were sounded several times 
and the tuning-fork sound described in one of the experiments in 
reaction-time was turned on while the ear was at the telephone. 
In some cases there may have been slight changes in the rate of 
tapping owing to their infiuence, but that was by no means clear. 
In fact such weak sounds would hardly be expedted to produce 
much disturbance in such heavy work. 

In the sixth series the distractions were greater and show them- 
selves plainly in the second curve. They were produced by an..assis- 
tant in the reaction-room. A second electro-magnetic marker was 
placed on the drum and connected with another key in the reaction- 
room ; by means of this key the assistant could register by the side 
of the time curve the beginning and the end of each disturbance. 

The nature and place of the disturbances^ are noted just above the 
curve; their duration is indicated by the length of the short lines 
above the curves. In every case it will Jbe seen that the disturbance 
produced marked changes in the rate. The blowing of a loud 
whistle was followed by a great irregularity. The mental addition 
of 214 and 23 at first made the rate very regular, more so than at 
any other point in all the series. This was during the petiod 

> Lautob, Beitr&ge zur Theorie der sinnlichen AufmerksamJeeit und der aoUven 
^ppereeptUm^ Phil. Stud. 1888 IV 890. 

* Makbe, Die Sehtmnkungen der QesiohUempfindungen^ Phil. Stud. 1802 VIU 
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between hearing the problem and beginning to solve it. At first 
tbie person was reluctant to undertake the problem. He. felt that all 
his energies should be directed to the tapping but finally realizing 
that the problem must be solved he went at it. The first attempt 
at solution produced marked iiiegularly and real work was accom- 
panied by a steady falling off in the rate. As soon gs the answer 
was reached the attention returned to the tapping and the rate 
rapidly recovered. 

A clicking with the tongue, such as is used to make a horse go 
faster, owing to this association seemed accompanied by irresistible 
impulse on the part of the person tapping to accelerate his move- 
ments. There was a slight falling off in the rate at the first sur- 
prise and then a gradual increase for four taps. But to the great 
surprise of the person who did the tapping, the rate did not exceed 
that which had been maintained since the last disturbance. The 
mental multiplication of 14 by 6 produced great irregularity as well 
as a general decrease of the rate. The sight of a lighted matrh, 
however, produced great regularity and a steady increase in the 
rate. 

This sudden increase in the regularity of tapping without a 
marked change in the rate, when the attention is attracted by some 
other object, is similar to the fact noticed in some of the experiments 
in reaction-time, namely, that more regular results were sometimes 
obtained when the mind was partially absorbed in other things. 
The more superficial, ideational attention is directed to them while 
the unconscious muscular attention which is largely a matter of 
habit runs along more smoothly and automatically. As the mind is 
absorbed in the secondary problem, the more substantial subcon- 
scious attention gradually withdraws from the muscular effort and 
reinforces the Inental effort. 

On the other hand, as was also shown in the reaction experiments, 
some sudden surprise, in this case a clicking sound or a lighted 
match, at once draws away the deeper as well as the more superficial 
attention. But as soon as the surprise is over there is no strong 
intellectual effort required to watch the light and the subconscious 
attention returns tsuhindered to its habitual task, while the more 
fickle ideational attention remains captivated by the new sensation. 

There can be no question that these last changes in the rate of 
tapping are due to disturbances of the attention. There can also be 
no question that the* second change mentioned, namely the gradual 
slowing up after the first ten seconds, is due to fatigue. This 
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fatigue may be psychical, muscular or neural. Judging from the 
results obtained by Lombabd in his investigation of the amount ^pf 
work which can be done by a person under different conditions,' it 
is probable that the fatigue is in the nerve centres. 

In the case of the change first described, namely the variation 
from tap to t^p, the cause is not so evident. The fact that a partial 
withdrawal of the attention stops it and makes the intervals regular 
indicates a psychical cause. Under the additional strain of con- 
scious voluntary attention the nerve mechanism acts more irregu- 
larly. Irregularity seems to be a characteristic of the higher forms 
of psychic life. The usual explanation is that there are two sets of 
nerve centres involved, the higher more unstable brain-centres and 
the lower moi*e automatic ones of the smaller brain and spinal cord. 
A disturbance of the attention is supposed to cut off the higher 
centres from the circuit engaged in the muscular action. Yet both 
in the tapping and the reacting it was seen that further central 
activity was accompanied by further decline in the muscular rate. 
Therefore it seems proper to speak of a subconscious attention in 
this connection. 

The explanation of the third change in the rate, namely the 
gradual rise and fall, is still more unceitain. Many persons will 
object to the use of the word attention in this connection. They 
would claim that it is a purely muscular phenomenon and regard it 
as supporting Munstebberg’s explanation of the appearance and dis- 
appearance of faint visual images. The disappearance, he thinks, is 
due to fatigue of the muscles of the eye^ As soon as the image dis- 
appears they relax and begin to recover ; when they have regained 
their strength the object comes into consciousness again.* 

It seems certain that this rise and fall in the rate must be closely 
connected with the appearance and disappearance in consciousness 
of faint sensations but it seems equally certain that they are not due 
to muscular fatigue. In the first place, it must be remembered that 
this rapid tapping is not a mere muscplar operation; we have seen 
that the rate changes with changing psychic states. In the second 
place, there is no chance for the muscles to recover while the 
tapping continues. In the case of the eye there ^s a possibility that 
the muscles relax when the image disappears. Not so here. In the 
third place, the real fatigue shows itself in the general slowing up 
of the rate. 

^ Some of the influences which affect the pow^ of voluntary musciUar etmtvae- 
Hops, Jour. Physiol. 1892 Xlll Pts. 1 and 2. 

* HuzrarBBBBBO, BeitrOge zur eaperimenteUen Psyehologie 1889 11 69 ^ 
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Conclusions from thb introsfbotive observations. 

1. Beaclion-time is constantly affected by irregular disturbances a 
large part of which may be detected by introspection. 

2. Introspection is not to be trusted in estimating results. 

3. Exercise shortens reaction-time. 

4. Reactions to the wrong signal, reactions before the signal is 
heard and the reflex nature of reactions are not sufficient criteria to 
distinguish muscular from sensorial reactions. 

5. There are at least six distinct kinds of voluntary attention; ’ 
ideational attention, neural attention, feeling attention, muscular 
attention, preparatory attention and inattention. 

6. The involuntary attention is constantly changing. 


Experiments showing the influence of disturbances of the 

ATTENTION UPON THE VOLUNTARY CONTROL OF MUSCLES. 

There have been various devices invented to show the effect upon 
the body of various psychical disturbances. Some of the effects 
which have been pointed out are a rise in the temperature of the 
brain, a change in the circulation, a contraction of involuntary mus- 
cles, increased activity in the various glands, and a change in the 
force with which the muscles can be contracted. Lombard found 
that the knee-jerk showed marked changes in the case of mental 
disturbances. We have seen that the reaction-time and rate of 
tappii^ are influenced in a similar way. Jastrow* describes a piece 
of apparatus which he calls the automatograph, constpucted for the 
purpose of registering involuntary, movements of the hand. The 
hand is placed on a freely moving table to which there is attached 
a marker that records every movement upon a smoked paper. It 
was found that when the apparatus is screened from the eyes of the 
person experimented upon that the hand involuntarily follows in the 
direction toward which the attention is turned. 

During the course of my experiments Dr. Scripture suggested 
that the accuracy with which a person could steadily, point to a 
given spot would b§ a measure of the amount of attention he could 
direct toward the work. In accordance with that suggestion the 
apparatus shown in fig. 15 was arranged to measure this accuracy. It 

differed fundamentally from J astro w’s automatograph. In his case 

^ 

^ Jasibow, Studies from the Universtty of Wisconsin, Am. Jonr. Fsyoh. 1891 
rv 898; 1892 V 228. 
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the pointer was concealed from the person perfoiming the experi- 
ment; here the pointer was in full view and every effort WM made J-zO 
keep it steadily opposite a given mark. 

A receiving tambour was fixed to a standard in a horizontal posi- 
tion, face upward, so that the lever moved in a vertical plane. A 
light pointer eight inches long was attached to the lever. Back of 
the tip of this pointer a piece of card-board was fixed in a vertical 
position parallel to the plane of the lever. A dot was made on this 
card-board just below the end of the pointer. The recording 
tambour wae adjusted to register the movements of this lever upon 
the smoked paper on the drum. An electro-magnetic time-marker 
was placed by the side of the recording tambour and connected with 
a pendulum which beat seconds. 



This apparatus having been arranged in a convenient position, a 
person placed his finger on the lever of the receiving tambour and, 
with the whole arm free, kept the end of the pointer as steadily as 
possible opposite the dot on the paper. . It was found impossible to 
keep the point exactly opposite the dot; there was a constant vibra- 
tion above and below. Within certain limits the movements of the 
point increased or decreased inversely with the amount of attention 
given to the work. 

Figs. 16-19 contain sections cut from tjie record of one of these 
experiments. The upper curve was drawn by the lever of the regis- 
tering tambour and shows the vertical movement of the finger. The 
heavy broken line was made by the time-marker and each section 
represents one second. The fact that some are longer than others 
shows that the drum was not turned with uniform speed ; this fact 
must be kept in mind while examining the records. 

The irregular shape of the curve shows the constant movement 
of the finger. In the centre of each of these sections there is a still 
greater irregularity. These disturbances all correspond to disturb- 
anpes of the attention at the time the record was made. 
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A mark shows the point where the disturbance began, the white 
Tqjtrk toward the right marks the point where the disturbance 
ceased. 



Fig. 16. 



Fig. 19. 


Fig. 16 shows the effect of an accidental distraction. There is 
great irregularity just at the time when another person happened to 
leave the room. The first half of fig. 17 indicates the effect of a 
sound which originated in another room. The distraction seemed 
to stbady the hand ; great irregularity occurs about the time of 
return of attention. Fig. 18 shows the effect of the mental subtrac- 
tion of 88 from 89. In this case* the problem was so simple that 
the answer was given immediately, yet the disturbance is very 
marked. In fig. 19 the attention was drawn away from the work 
in hand by a person walking around the room. 

These are only a few of the instances in this one experiment 
which show the inability of* the mind to resist the smallest influences 
even when the will is set resolutely against them. It seems that in 
cases where the attention is distracted in a way such as to cause a 
tendency to move the eyes or when mental work is being done, the 
control of the muscles is uncertain. When the disturbance is a 
slight one, such as noticing a noise in another room, the distraction 
seems to aid the regularity. Tliis latter case seems to be analogous 
to the well-known fact that we can perform numerous actions much 
better when only half attending to them. 






ON MONOCULAR ACCOMMODATION-TIME 


BY 

C. £. Seashobs. 

Though the limits of accommodation and related problems have 
received due attention from Helmholtz and others^ . the time of 
changing the focus of the eye has hitherto been scarce investigated. 
Yolkmann* seems to have been the first to experiment upon the 
subject. By applying Scheiner’s experiment he found that he could 
change the accommodation of his practiced left ej^e 2? times from 
11 in. to 6 in. and back in half a minute. Yiebobdt^ devoted a 
special treatise to the subject in 1857 and Aeby* later examined the 
duration of the act of accommodation within the limits of 315""”. 
The latest and only important investigation on the subject that has 
come to the writer’s notice is a series of experiments by Babemtt,* 
It will be referred to and compared with the present study from 
which it differe both as to method and results. The success of these 
experiments in Yale Psychological Laboratory is due to the efficient 
advice of Dr. E. W. Scripture, under whose sijpervision they have 
been conducted. 

The problem I have undertaken is, to determine the time required 
to change the accommodation of the eye in either direction between 
two given points. As the object was the establishment of funda- 
mental laws and not the collection of statistical material, this research 
is limited to observations on the right eye of persons with a normal 
eyesight accommodating for points in the direct line of vision under 
the most favorable circumstances. The psychological method of 
dijgPerential reaction-time has been used because it is apparently 
impossible to determine the accommodation-time by any direct phys- 
iological methods. 

* iSeAen, Wagner’s HandwCrterbuch d. Physiol. 1860 HI 1. Abth. 809. 

^ V^rsuehe mber die Zeitverhdltniese des AceommodatioiMvorffangea im Auge^ 
Arch. f. physiol. Heilkunde, n. F., 1867 1 17. 

AecomvMdationsgeachwiTkdi^ d, menachlichen AugeSf Zt. f. iat. 
fix. Keihe, 1861 XI 300. 

* The velocity of accommodation, Jotim. of Physiol. 1886 VI 46. 
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Apparatus. 

• The vafiables are : (1) the distance of the nearer point, (2) the 
distance of the further point, (3) the direction of accommodation, 
i. e. whether the focus is to be changed from near to far or vice 
versa. 

The solution of the problem required (1) an apparatus that holds 
the nearer point in view and suddenly exposes a point further off, 
(2) one that holds the further point in view and suddenly exposes 
the nearer point, (3) an arrangement to mark the instant the second 
point comes in view, (4) a reaction-key, (5) an apparatus for records 
ing the time. 

In the first experiments I used a revolving disc having holes near 
the edge through which the further point could be seen. The 
nearer point was indicated by objects on the disc at points alternat- 
ing with the holes. The disc was arranged with weights, pulleys, 
springs and levers so that in its revolving it could be stopped to 
expose the nearer and the further point alternately. The person 
experimented upon was required to look through a tube extending 
from the eye nearly to the disc. One electric wire was connected 
with an isolated copper brush which made contact with the disc at 
the moment the second point could be seen. The brush was at all 
other points isolated from the metal plate by a cardboard covering. 
The other wire was connected with the disc and went through a 
closed-circuit reaction-key. Both wires were then run to the chrono- 
graph-room where they completed the circuit through an electro- 
magnetic time-marker. Two markers were used on the drum. One 
registered the vibrations of the tuning-fork ; the other, running 
parallel to it, indicated the make and break of the current from the 
experiment room. To compare the two lines of the record perpen- 
diculars were dropped from one line to the other at the points of 
make and break of the current. 

After the first and second sets of experiments I used another 
apparatus which served the purpose better. With that I also used 
a simpler and more accurate method of recording. This latter 
apparatus consisted of a Laveme pneumatic camera-shutter to which 
electrical connections were added. There were two arrangements 
of the slide and the electric connections : (1) to drop the slide and 
expose the nearer point, (2) to raise the slide and expose further 
point. In the first arrangement one end of the electric wire was 
connected with the metallic body of the shutter. The other end 
was fastened to a binding-post which was connected (1) with a 
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spring which made contact with a projecting spring-arm on the slide 
at the moment the further point was cut off from view and tl^e 
nearer point exposed, and (2) with a metal plate on which the pro- 
jecting aim rested and made permanent contact when the slide came 
down. Both the contact-point and the metal plate were isolated 
from the metallic body of the shutter. In the second arrangement 
the slide was made to hy up and stop against a special catch. When 
the slide flew up its projecting arm struck the special contact spring 
at the moment the nearer point was removed from view and the 
further point was exposed. The special catch against which the 
slide finally rested at the top, and with which it made permanent 
contact was connected with the same binding post as the metal plate 
in the other arrangement. The current went through a closed- 
circuit reaction-key by means of which it could be interrupted. 
The current was made for an instant when the blide arm struck 
the special contact spring, permanently made by the slide arm rest- 
ing on the metal plate or the special catch, and again interrupted by 
the reaction-key. The time required was that indicated between 
the first closing of the current and the breaking by the reaction-key. 
Heavy wires led from the shutter and the key to the chronograph- 
room where the circuit was completed. 

In taking all except the first two sets of records I used the spark- 
coil method invented in this laboratory. For a full description of 
apparatus and method see the aiticle by Bliss on p. 7-10. I did not, 
however, use the multiple-key described there but led the current 
directly to the research-room. A 100 v. d. tuning-fork was used but 
the drum was tuined with such rapidity that the waves were suffi- 
ciently long to be easily estimated in tenths without error, thus 
giving me a direct record in thousandths of a second. 

The nearer point was represented by a small capital o with a 
height of 0.7"‘® and the further point by a large capital O with a 
height of 25®*", except at the point represented as at infinite dis- 
tance when a larger object had to be used. This object was a 
section in the crown of a distant chimney. The letter at the near, 
point was on the slide. The other letter was on a card in a movable 
support; 

The course of the investigation was somewhat in the following 
manner. First, the nearer point was kept constant at 20®*", and the 
further points made respectively 50®*", 1*", 2®, 4®, 8™, 12®, and infi;r 
nite distance. A point over 100® away was considered the same as 
a point infinitely distant. Then the further point was kept constant 
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at infinite distance and the nearer point was made successively, 20 ®“, 
40 ®“, 1 “, and 2 “. On these ten distances observations were made in 
aocommo*dating the eye ( 1 ) from near to far and ( 2 ) from far to 
near. Both points lay in the line of direct vision. In this line was 
a tube extending from the front of the cornea in the eye of the 
subject to within a short distance of the nearer object. The tubes 
were adjusted at a sufiicient distance from the slide to allow light to 
fall upon the nearer object. There was a special tube for each near 
distance. The 20 ®“ and 60®“ tubes had a bore of 2 ®“. The 1 “ and 
2^ tubes had a bore of 4®“. 

Pbsson' experimented on. 

These results aim to be the records of a typical case. I selected 
a subject who could well represent the average and gave him the 
most favorable oircumstances, i. e. a comfortable position, good light, 
medium temperature and avoidance of anything that would distract 
attention. The results thus have uniformity and comparative value 
because they are taken on the same person and, as nearly as possible, 
under similar circumstances. The subject was an exceptionally criti- 
cal and reliable observer — a fact of considerable importance where 
we have to trust to his judgment and faithfulness for the attainment 
of our results. 

This series of observations was made on Mr. August Nelson, aged 
29, a graduate student of philosophy. His eye is emmetropic with 
noar-point 15®"* and far-point 00 ; volitional ability, as exercised in 
concentrating attention, excellent. Reacting over 4000 times to the 
same stimulus he acquired •considerable practice. Practice may have 
shortened his reaction-time slightly in the later experiments, but the 
variation was not great as he had made nearly a thousand reactions 
before I took the records upon which this article is based. Of other 
subjects reacting to the same stimulus, some take a longer and 
others a shorter time •than N.; his records can be considered as 
representative of the average man. 

Precautions and variations. 

Reaction to a visual stimulus is a very complex act; It involves 
sensation, judgment, detennination and other factors. In order to 
make the act as simple as possible precautions were taken to avoid • 
intricacies and to facilitate perception. Thus, to avoid long and 
irregular time for discrimination and decision, the plain letter O was 
selected as the object for which to accommodate. The subject knew 
just what to expect and where to look for it. 
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The criticism was made during the inyestigation that it took time 
* for the second object to clear up.” It was blurred” at^ first and 
‘‘gradually” became clear. That is just the point here investi- 
gated, viz: the time i*equired to change the focus of the eye so as 
to make a clear image. The subject was instructed to use his best 
judgment and react when the object became clear to him. 

Much of the mean variation in time on any one distance we may 
ascribe to the fluctuation of attention. Its effect upon reaction-time 
is to be considered as established. In this case I think attention was 
the great factor in determining the fluctuations around the mean 
time of “clearing up.” 

As a constant source of error I would mention the time that it* 
took the slide to move a distance corresponding to the size of the 
letter at the nearer point. This time was less than 2*^. Hence the 
uncertainty as to the time when one letter went out of view and the 
other was exposed cannot exceed ± 1*^. 

Considering all the other objective sources of error, such as direc- 
tion and strength of light, jarring of the apparatus and disturbances 
in the room, I would estimate that all the variations due to these do 
not exceed ±5^. The total limit of error was thus within ±6®^. 
No uncorrected sources of error could be detected. In the earlier 
experiments where the unit of measurement was .01 sec. the latent 
time of the Deprez time-marker Avas quite negligible; in the later 
experiments with a unit of 1*^, the latent time of the electric spark 
was far beyond negligibility, as was proved by experiments described 
in the article referred to above. 

Method op experimenting. 

The person experimented on was seated erect with the right eye 
before the tube. The left eye was closed but free to move. The 
reactions were made with the second finger of the right hand. The 
instructions were: “Look sharply at the first O until the second O is 
exposed; when you see the second O clearly, react.” 

The time of the operation indicated on the drum included the 
time of changing the condition of the accommodation plus the time 
of reacting to a given stimulus. To get the simple reaction-time I . 
^proceeded as above except that the subject was required to focus for 
the second object only, or on the place where it was supposed to be, 
and, without any change of accommodation to react every time he 
saw the same object again. To get the accommodation-time, i. e. . 
the t^me of changing the adjustment of the eye between two f oi^l 
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points, I sabtracted the simple reaction-time. The records of the 
]Qpactions were taken in sets of ten to twenty in each; hence, under ' 
similar mrcumstances. The first object was exposed about two 
seconds before the change and there was an interval of about ten 
seconds between each successive observation. 

I added all the records on each distance in a set and took the 
average. The tables give these final averages with the mean varia- 
tion and number of experiments corresponding to each. 

Results. 

In the following tables I use these abbreviations: nearer point; 

Fj further point ; oo, practically infinite distance; F iVJ from 

far to near; F F^ from near to far; w, number of experiments 

of which the average is taken; accommodation -time ; JK, reaction- 
time ; AR^ accommodation-time plus reaction-time; MV^ mean vari- 
ation. 


TABLE I. 

(Curve I) N > F. ^=20«*". Unit of measurement, .01 sec. 


F 

AR 

MV 

n 

R 

MV 

n 

! 

50cm 

27.2 

7.4 

39 

26.5 

3.8 

18 

1 

1 0.7 

i 

1..1 

28.4 

3.1 

40 

26.5 

4.4 

16 

1 1.9 

8“ 

34.8 


37 

32.2 

3.7 

13* 

2.6 

1 

4m 

36.1 

j 

2.6 

31 

32.3 

4.0 

19 

1 3.8 

gm 

40.9 

•7.6 

37 

35.5 

6.3 

20 

5.4 

12'“ 

41.4 


40 

31.9 

5.7 

20 

95 

QD 

40.9 

• . 

6.9 

40 

31.5 

4.5 

20 

9.4 


The figures in tables I and II express hundredths of a second, the 
last figure being simply the decimal obtained in averaging a column. 
All the other records are in thousandths of a second. For the sake 
of comparison and uniformity the first two curves are also maj^ked 
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in thousandths of a second but it must be remembered that they are 
based upon the figures in the first two tables. 


a 



This table shows that when M is constant, the time of changing 
the accommodation of the eye from N" to F increases with the dis- 

TABLE II. 

(Curve II) N F, F=co . Unit of measurement, .01 sec. 


N 

AR [ MV ^ n ; 

7. 

MV 

n 

A 

20«“ 

40.9 1 S.9 40 j 

31.5 

4.5 

20 

9.4 

50™ 

1 

40.0 i 7.6 ; 40 1 

1 ; ■ 

1 1 

84.7 

5.6 

20. 

5.3 

1“ 

32.5 I 4.7 i 35 ! 

i * 

1 27.2 

j 

3.6 

18 

5.3 

2“ 

1 39.8 j 7.8 40 : 

1 1 ■ ; 

35.5 

i 

5.4 

■20 

4.3 


tance of F up to 12™. Beyond 12™ the time of monocular accom- 
modation does not vary because the rays are practically parallel for 
all such distances. It will be observed that in proportion to the 
distance of F the greatest change in time is when F is near ^ and 
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that the ratio diminishes to infinity as the distance between the two 
jmints is inci'eased. 



0.2 


0.5 1 

Fig. 31. Curve II. 


When F IB constant the time increases inversely with the distance 
of W from the eye up to 2“ or more. The greatest change in time 


TABLE m. 

(Curve III) F > JV. iV=:20®“‘. Unit of measurement, (y=.001 sec. 


F 

Alt 

i • 

MV 

n 

R 

MV 

n * 

A 

50om 

169 

34 

40 

159 

30 

18 

10 

1“ 

168 


m 

165 

31 

19 

3 

2m 

178 

18 • 

40 

157 

13 

18 

31 


185 

• 

83 

40 

163 

15 

17 

33 

8“ 

189 

37 

34 

166 

19 

13 

33 

13« 

313 

37 

37 

153 

19 

10 

61 

00 

• . 

350 

39 

34 

306 

19 

30 

44 
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is when -AT is near the eye. The law of relative variation is the 
same as in table I, i. e. within certain limits the accommodation- 
time varies with the distance between JS" and though this varia- 
tion is not in propoition to the distance. 



The same general law is brought out here as in table I; but in 
this case (F > N) the time is shorter and the mean variation is 


TABLE IV. 

« * 

(Curve IV) F > N, Fr=co . Unit of measurement, ct=. 001 sec. 


1 \ AH JUV \ n '•] if ] MV 

\ _ i .L_ ... 

n 

i 

i A 

\ 

1 44 

i 

20®“ 

. i: I 

' 250 : 89 1 86 ik -306 j , 19 

20 

50®“ 

267 : 51 

88 i; 208« 

16 

19. 

64 

1“ 

214 

19 

i| 

40 j! 178 

•1 

17 

20 

A ... . 

86 

2“ 

205 

18 

40 |j 168 

•16 

*16 

43 


less than in the other (N > F). From a comparison of AJR and 

It in this table it becomes evident that the deviation in the case 
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of the last figure is wholly due to an exceptionally long reaotion- 
ti«e. 


a 



This is complementary to table III, and corroborates the same 
principles for the case where the nearer point is constant. 

TABLE V. 

(Cxu ve V) AR taken F > N and N > F alternately. <Y=20«*". Unit of 

measnrement, flr=.001 sec. 


F 

a 

F~>N 

MV 

n 

h 

N-~>F 

MV 

n 

ft— a 

1“ 

174 

18 

40 

183 

13 

28 

9 

2"* 

184 

• 

37 

89 

220 

18 

36 

86 

4^ 

211 

86 

88 

229 

22 

88 

18 

• 8« 

886 

44 

# 

88 

297 

71 

86 

28 

i 

18“ 

386 

66 

84 

898 

106 

29 

I 68 

1 

<30 

248 

66 

■» 

40 

868 

102 

B 

B 


• 

6 
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The purpose of this set of experiments is to adduce further proof, 
for the facts brought out iu tables I and 111, and to show how the 
<r 



time is influenced by the direction of accommodation. This table 
is a comparison of AR taken in series of 20 in each direction alter- 

TABLEVL 

(Curve VI) Alt taken F > N and N ->^F alternately, = ao. Unit of 

measurement, ff=.001 sec. 


N ^ 

;F -- > N 

i 

^ MV 

!’ ! ■; 

20 '“ 1 243 

65 

40 ii 268 . 102 1 40 

.. _Ji i i 

1 20 

j 

50 '“ 193 

19 

30 |i 229 j 26 I 85 I 

' ' ! 

j ' 86 ' 

1 “ 1 208 j 

28 

: i 

27 ; 222 ' 29 ! 80 ' 

'1 : ■ 

i: » 

14 ; 

8 “ i 187 

25 

?. ■ . ; 

82 li 244 ! 48 ! 26 

. il ) 1 . 

6t; 


nately. It conforms to the principles laid down in tables I and HI, 
and also shows that the difference between taken 
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Curve V shows the difference in time depending on the direction 
of accommodation. This difference is further proved and^Ulustrated 
by other data in curve VII, which is a comparison of the simple 
accommodation-time as given in tables and curves I and III. In 
the same manner curve VIII, complementary to curve VII, is a com- 



Fig. 27. Curve VIII. 


parison of curves II and IV, and provts with A the same principle 
as curve VI proves with AR, 

Aside from the time itself and minor conclusions which may be 
drawn from these figures, three important principles liave been estab- 
lished. 

(1) Within certain limits the accommodation-time varies with the 
distance between the points for which the eye is to be accommodated. 

^ (2) It takes longer to change the atcommodation from near to 
far than from far to near, and this difference in time varies directly 
with the length of the accommodation-time. 

(3) For equal distances in the same range the accommodation-time 
is greatest for points near the eye and decreases with the distance 6f . 
the points from the eye. 

From the second fact arises the important question: what is it in 
the mechanism of the eye w^hich will account for this difference in 
tii£ie depending on the direction of accommodation ? It may be diie 
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t<> the difference in time required for relaxation and contraction of 
tl^ muscles controlling the lens, or to the difference in range of 
movement and sureness of adjustment in changing the form of the 
lens to focus for points at different distances from the eye. For a 
satisfactory answer to that question we must, however, look to 
further investigation on the physiology of accommodation. 


Comparison with previous results. 

Barrett’s apparatus consisted of a skeleton compound microscope, 
supplied with electric connections by means of which the time was 
recorded on a drum. The experimenter carefully pointed out and 
obviated many errors of previous workers, yet his apparatus neces- 
sarily involved three sources of error which have been avoided by 
the apparatus in the Tale laboratory. 

(1) Instead of using lenses, as Barrett did, the eye was required 
to look directly upon the object to be accommodated for. 

(2) His apparatus measured accurately to 0.1 sec. only, while the 
present apparatus measures with accuracy within ±0.006 sec. That 
his apparatus not only contained some great error but also gave very 
inaccurate records, can be seen from the frequent remarks, ‘‘ time too 
short too be measured.” 

(3) The greatest en’or is, perhaps, due to his method of deducing 
the simple accommodation-time. The present method of observing 
the reaction-time (without any movement of accommodation) to the 
same stimulus, for each distance and under exactly the same circum- 
stances is the only trustworthy plan. Barrett arbitrarily subtracted 
0.4 sec. in all cases. 

Additional records on six other persons, which have not been 
introduced into the tables in order not to disturb their value for com- 
parison, agree with Barrett’s conclusion, that accommodation-time 
varies according to differeitf circumstances, of which the principal 
are (1) age, (2) practice, (3) individual characteristics and (4) time 
of day. 

In regard to fatigue, however, my results are contrary to the usual 
supposition. Experiments of some 300 accommodations in one con- 
tinuous set do not support that theory. Fatigue soon sets in and 
may become very painful, but as long as the eye can accommodate 
clearly it causes a fluctuation in time which tends more to accel- 
erate than to retard the velocity of accommodation. ^ 
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The most surprising deviation from previous results and theories 
is the conclusion drawn from my tables as to the relation of velooij^ 
in accommodation between near to far and far to near. Vibbobdt. 
Abby and Babbbtt all agree that the accommodation-time is greater 
than the relaxation-time^ i. e. that it takes longer to accommodate 
from far to near than from near to far. This statement is contra- 
dicted by every table and diagram given above. 



ON THE RELATION OF THE REACTION-TIME TO VARI- 
ATIONS IN INTENSITY AND PITCH 


Mobbis D. Slatteby, M.D. 

"Method op expebimenting. 

The plan followed was to place the person experimented on in an 
isolated room to which all stimuli were sent through wires from a 
distant room, and from which other sets of wires conducted the cur- 
rents making electric registration in still another room. 

The first requirement was thus a room free from disturbing lights 
and sounds ; this was met by the construction of the isolated, room. 
The isolated room is a small room built inside of another room ; four 
springs of nibber and felt are the only points in which it comes in 
contact with the outer walls. The space between the walls is filled 
with sawdust as in an ice box. The room is thus proof against 
sound and light, and affords an opportunity of making more accurate 
experiments on the mental condition than yet attempted. This was 
the final construction of the room, adopted after numerous experi- 
ments. As such a room may prove valuable in physiological and 
medical work where freedom from disturbing sights and sounds is 
desirbd, it may be well to 'point out Some of the difficulties to be 
ovtrcome and erors to be avoided. The first requirement is a wall- 
surface impervious to sound. Owing to the great expense involved, 
such materials as asbestos, heavy tough hair-felt, lead, etc., could not 
be used ; soft wood with outside packing of sawdust was finally 
chosen. The next requirement is that the sound waves from the 
building should not be transmitted to the frame work of the inner 
room, i. e. it must not be ccmnected to the outer : room. The nearest 
approach to the satisfaction of this requirement was made by sup- 
porting the inner room on pieces of soft rubber and’ avoiding all 
other connection irith the walls of the outer room. The sound 
waves in the building are thus almost hindered from passing to the 
inner room. The vital importance of these precautions can be shown 
by simply laying a pencil across from the wall of the outer to that 
of the inner room ; the various sounds are at once carried across and 
are heard in the inner room almost as loudly as if none of the other 
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precautions had been taken. The third requirement is the m^ans of 
« ventilation without sound conduction. After several trials a peculij^r 
ventilator has been invented in which the aii* is made to 'pass back 
and forth through a tortuous passage, the walls and partitions in 
which are made of hair-felt. Sound waves can pass through bent 
tubes only by reflection from the walls and refraction around the 
angles; in the ventilator all reflection is killed by the non-elastic 
felt and the amount of sound transmitted by refraction through such 
a tortuous passage is so small that a person shouting into it at one 
end can barely be heard at the other. 

The records were made by the graphic method, the usual clirono- 
scope method being rejected as cumbersome and inaccurate. The 
counting of the fork-vibrations by the graphic method takes a some- 
what longer time than the reading of the chronoscope records but 
in measurements of simple reaction-time this extra work is more 
than compensated by the saving on the laborious adjustment of the 
chronoscope and the necessary re-reckoning of the results. The new 
method of making graphic records, which was invented in the labora- 
tory and used in the later experiments, not only greatly increased 
the accuracy of the records but made the work much less than that 
of taking chronoscope records. The apparatus used for recording 
was the same as that described by Bliss on pages 10-16, 

In my investigations the multiple-key was connected with the 
isolated room and the apparatus in the following ways. The circuit 
from the tuning-fork through the time-marker was connected at one 
side to P and at the other to B, so that when P and B were in con- 
tact they short-circuited the current. iThis, of course, stopped^all 
action of the marker while the contact was made, but as soon as the 
knob G was pressed the marker started. The circuit to the other 
marker was passed through the lever I to O and the platinum point, 
and out thi’ough Z and W, then to the reaction-room and through 
the reaction-key. As soon as the point of fe touched U the lever I 
would break its contact at Z and immediately make it'^^egain at W, 
thus making a nick in the line of the second marker. As the stim- 
ulus circuit is closed at the moment E touches IT this nick gives the 
moment of the stimulus. Since the current is immediately closed at 
W the marker is ready to make another nick as soon as the person 
reacting presses his key. The time-marker connected with the fork 
was set vibrating as soon as the knob G was touched, so that the 
curve was already being drawn before the record began. When the 
spark-coil is used the primary circuit is run over the same line as the 
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circuit used for the second marker ; the secondary circuit has its poles 
^ iy the drum and in the lever of the marker connected with the fork. 
Any movement at Z or of the reactor’s key, produces a spark. Three 
different arrangements had to be adopted for the three variations of 
the stimuli to be used. These will be described in the appropriate 
sections. 

Experiments with different intensities of tone. 

In all the expenments on tones they were produced by electric 
forks, in a distant room. The sound thus produced was sent from 
the primary circuit of a telephone transmitter, which was placed 
near the fork, through wires to the multiple-key. The secondary 
circuit of the transmitter was connected directly with the reacting 
telephone in isolated room. In investigating the relation to intensity 
of tones a fork of 250 complete vibrations per second was placed in 
the distant room. For producing variations in the intensity, a resis- 
tance-box was placed in the primary circuit of the transmitter ; by 
this means a resistance of 100 ohms could be introduced, giving a 
weak tone, or 50 ohms, giving a medium tone or zero, giving a loud 
tone. 

The first person experimented on was E. W. Scripture. With 
everything in readiness for the experiments the person entered the 
isolated room, closed and fastened the door, and, holding the reacting 
telephone close to his. ear, waited for the stimuli to which he would 
reajt by pressing on the knob of the reacting-key. Thirty experi- 
ments were made in series .of 5 to 10 with each grade of intensity, 
tho" order being varied to eliminate influences of practice and fatigue. 
After each series an intermission of at least 6 minutes was given. 
Preceding the sending of each stimulus a waniing was sent to the 
reactor to call his attention to the expected sound. 

After the first evening’s experiment, the person experimented on 
made the following statement. ‘‘Left arm resting, with telephone 
in hand close to ear. Loi^dest sound, quite loud. Reacting hand 
at rest except index-finger which is held upon key-knob. After 
the warning, attention was directed entirely to expected sound. 
Eyes were closed apd while waiting for sound were turned strongly 
toward the left. General condition slightly fatigued.” 

The next person experimented on was D. O’Keefe, the experiments 
being performed in the same manner as the preceding ones. His 
statement after the experiments was, “ Left arm resting with tele- 
phone in hand close to ear. Loudest tone quite loud, the weak- 
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est tone being just perceptible. Beaoting band at rest except 
middle finger which was held upon key-knob. After receiving t]^e 
warning/ attention was turned entirely to expected sound. Eyes 
open and turned toward the left. General condition good.” Before 
making the statement he asked, “if there was any trouble with the 
apparatus as the tone changed in intensity at different intervals.” 
He was not aware of the fact that the intensity was to be varied. 
The results of the experiment are summed up in table I. 


TABLE I. 

Unit of measurement =1<^= .001 second. 



i S' ■ 

j 

i 

MV 1 

n ! 

S" 

! 

j MV 

! i 

i 

1 

1 

S'" ! 

1 

MV 


E. W. S. 

1 282 ' 

68 ; 

i 

Zl 

287 

61 

L - 

17 

i299 1 

! 

j 

72 

15 

D. 0. K. 

; 249 

3 ! 

i 

34 

212 

^ 70 

29 

218 1 

68 

10 


i 


The first column gives the person experimented on, the second the 
reaction-time to the strongest tone, the third the mean variations 
from the average, the fourth the number of experiments, the fifth, 
sixth and seventh give the data for the medium tone, the eighth, 
ninth and tenth those for the weakest tone. 

It will be seen from the results that for the loudest sound, in the 
case of E. W. S., we have a reaction-time of 282*^ ; for the medium 
intensity the reaction-time was 287*^, for. the tone of weak iiitensity 
the reaction-time was 299*^. The absolute differences for different 
intensities were small and were much less than the amount of the 
mean variation. W e can therefore conclude that they are practically 
equal and that within the limits of intensity used in these experiments 
the reaction-time does not vary with the intensity to any degree that 
can be detected. 

In the experiments on D. O. K. it will«be seen that the differences 
in the reaction-time are reversed but are also email ; with sound of 
greatest intensity the reaction-time was 240?, with the sound of 
medium intensity the reaction-time was 212^, with sound of weak 
intensity it was 218^. From these results the same conclusion is to 
be drawn as from the previous ones. 

Similar experiments had been previously begun in March, 1892, by 
Dr. Scripture at Clark University on F. B. Dresslar, but were not 
carried to completion. The sound was produced by a secondary coil 
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connected with a telephone and placed over a primary coil through 
xihich passed a current interrupted by the vibrations of a 250 tuning- 
fork. The angle which the axes of the two coils made with each 
other regulated the intensity of the sound, which was in all cases 
weak. Five steps with coils at angles of 110°, 125°, 140° and 156° 
were taken. The records of March 22 were handed to me by Dr. 
Scripture to be used, if I saw fit, in comparison with my experi- 
ments. They were counted and the results will be found in table II. 

TABLE 11. 

Unit of measurement=l^= .001 second. 
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288 

26 

30 

• 

239 

18 

28 

224 

' — - j 

25 ! 29 

i 

268 

15 

30 


The columns refer to the same subjects as in the previous table, 
but four grades of intensity were used. The strongest souna is 
placed first. The reactor, Mr. Dresslar, said in a note at the end of 
the experiments, that he perceived no difference in the intensity of 
the various sounds, i. e. to his consciousness the different sounds 
appeared to him to be of equal intensity.” While actually there 
was a difference in the intensity of the tone, it must have been very 
slight. A comparison of the reaction-times of the four steps taken 
shows such a slight difference that the only conclusion to be drawn 
froni the experiments is the same as in the previous case. 

Thai other observers have obtained very long reaction-times for 
very weak noises might be explained by the fact that when the 
warning signal is used shortly before the stimulus is to be produced 
there is* a natural tendency to revive an image of the sound in the 
mind. In the case of loud sounds the image would give rise to no 
confusion, but in the case of very weak sounds the observer might 
well be in doubt as to whether a sound apparently heard was such a 
memory or was actually produced by a stimulus. Some experiments 
on the border line between sensation and hallucination indicate such 
ah explanation. 

In the table of fesults obtained from experiments performed by 
Wundt, ‘ from which he concludes that the reaction-time decreases 
constantly with an increase in intensity of the stimulus, it will be 
seen that his figures do not bear out the statement. In his exj)eri- 
nients the sound was produced by a ball falling from different 

’^Physljologische Psychologie, 2 ed., 11 288. 
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heigh tp ; as the height increased, the noise became louder. His 
' figures for successively louder sounds are 217^ 146*^, 132<^, 135*^, 161?;, 
176^, 159*^, 94^. It is at once apparent that with the exception of 
the weakest sounds, the results are in direct contradiction to the 
statement. It is but fair to add that these results are omitted from 
the later editions of the Physlologische Psychologic, 

The experiments of Martius' on tones and noises gave negative 
results, i. e., the reaction-times of the various experiments were 
nearly equal or showed slight and inconstant relations to each 
other. He drew the following conclusions: “There is no constant 
decrease in the reaction-time with an increase in the strength of the 
stimulus. Differences in the times occur only when very great dif- 
ferences in the strength of the stimuli exist, as for instance between 
a very weak and a very loud sound. The lengthening of the time 
with very weak stimuli can be accounted for by difficulty of percep- 
tion.” 

My experiments on tones lead to these conclusions : 

First — The law that the reaction-time decreases with increasing in- 
tensity of stimulus does not hold good for the sense of hearing, 
i. e. the reaction-time to tones is nearly the same for all moderate 
intensities. 

Second — The longer time registered for very weak tones or noises 
by some observers is probably not due to any conscious change, but 
is caused by hesitation as to the actual hearing of the stimulus. 

Experiments with tones of pifferent pitch. * » 

In using tones of different pitch the arrangement was nearly the 
same as in the previous case. Three forks were all kept ready so 
that in the few minutes of rest between the sets of experiments a 
change could be made from one to the other. The resistance was 
kept in the circuit and by preliminary trials the amount of resistance 
to ^e used for each tone was determined, so that all the tones seemed 
to be of the same intensity. This was quite necessary as it is impos- 
sible to adjust an electric fork so as to give the same intensity on 
different occasions. Similar precautions as to practice, fatigue, etc., 
were taken as in the previous case. The reactor seated in the isolated 
room beard the tones through the reacting telephone as before. The 
pitch of the tones was changed by changing the forks. Since the 

‘ Mabtius, Ueber den Einfluss der Jntenaitdt der Reize auf die Reactionszeii 
der Kldnge, Phil. Stud. 1891 VII 469, 
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tones were adjusted so as to be of the same apparent intensity it 
would naturally be expected from the experiments of the preceding 
section that the reaction-times would be the same. The actual 
results are given in the following table : 


TABLE m. 

Unit of measiiremeni=l<^=: .001 second. 


F 

MV 

n 

F' 

MV 

n 


! 

MV 1 n- 

j 

240 

38 

46 

179 

. 28 

60 

163 

20 1 60 


P', P" and P"' denote the tones 100, 250 and 600 respectively. It 
is at once seen that the reaction-time decreases with the rise in pitch, 
a result which a^*ees with that of Mabtius. TJie natural inclination 
is to explain this difference in the reaction-times by the supposition 
that 10 to 15 vibrations are required before the tone is perceived. 
If this supposition be true we should obtain the same reaction for all 
the tones by deducting the perception-time of each from its reaction- 
time. Suppose we take ten vibrations as representing the inertia of 
the sense organ ; this would give us the perception-times, 100^^, 40^ 
and 20^ for the three tones 100, 250 and 500 respectively. Subtract- 
ing these perception -times from the total reaction- times given in the 
table, 240*^, 179*^ and 163^, we get the remainders 140*^, 139*^ and 143*^. 
These remainders fall within the limits of variation and are to be 
regarded as the same. My results are thus in harmony w^ith the 
supposition mentioned. M«arthts obtained results which agree with 
mine in the fact that the reaction-time decreases witli a rise in pitch, 
but this decrease could in no way be brought into harmony with the 
supposition that a constant number of vibrations was used up in the 
latent time. 

The conclusions to which my experiments lead are as follows : 

First — The reaction-time to tones decreases as the pitch rises. 

Second — The view held by Exnbb, von Kbies and Auerbach And 
rejected by Mabtius, — namely, that about 10 vibrations are neces- 
sary to the perception of a tone, no matter what its pitch, — ^is sufli- 
oient to explain tJie differences in the reaction-times for different 
tones. 

Experiments with electrical stimuli oe different intensities. 

In using electric stimuli the current of the primary circuit after 
passing through the inner coil was sent through one of the prongs 
of a fork, kept vibrating electrically, by which it was interrupted at 
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each vibration. From the fork it wais sent through a rheochord com- 
posed of seven lengths of wire. Hence it passed to binding posts<D2 
of the mnltiple-key mentioned above. The other pole of the battery 
was connected to binding post 3, When the key is pressed, the 
circuit is completed. The secondary coil was connected with two 
electrodes in the reaction-room. One electrode was of zinc covered 
with cloth, the other of sponge ; both were moistened with a solu- 
tion of common salt. The other arrangements were the same as in 
the previous cases. In these experiments the spark-coil was used 
and the same precautions as observed in former experiments were 
adopted. 

As soon as the multiple-key is jiressed the current passes through 
the primary circuit, being all the time interrupted 100 times per 
second by the electric fork. This causes a cuiTent to pass through 
the secondary circuit and the person in the isolated room receives 
100 shocks per second. As soon as he perceives the shocks he is to 
react in the usual way. The time is measured between the moment 
of closing the primary circuit and that of reacting. The intensity 
of the stimulus can be regulated either by moving the secondary coil 
nearer to or further from the primary or by weakening the primary 
current. The former method was not suited to the single experi- 
ments but was used to regulate the shock permanently to any desired 
intensity. Then the different intensities were produced by adjust- 
ment of the amount of wire introduced on the resistance-board. 

During the experiments six steps of different intensity were taken. 
The greatest intensity was obtained byjshoving the secondary coil 
sufficiently near to the primary coil until a shock was produced 
which was not strong enough to startle the reactor and thereby inter- 
fere with the reaction-time. When a variation in the intensity of 
the stimulus was desired, the clamp was transferred to another wire . 
on the resistance-board, causing an incr^iase of resistance of two • 
feet of the wire with each step. When the clamp was on wire No. 
6,*a resistance 6f 12 feet of fine German gilver wire was thus inserted 
and a very weak shock was produced. 

The experiments were peif ormed in the same manner as the pre- 
ceding ones. A warning was given previous to ^ch stimulus. The 
reactions were repeated at intervals of 15 seconds, until a record of 
30 reactions was taken, after which a rest of five minutes was given 
to the reactor. The person experimented on was £. W. Scripture. 

The results are seen in table IV. 
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TABLE IV. 
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is the shock of greatest intensity ; represent 

shocks of lesser intensity, being the weakest ; otherwise the 
abbreviations are the same as used in previous tables. 

It wilUbe seen that there is a slight but constant decrease in the 
reaction-time with an increase in the intensity of the stimulus^ 
These results coincide with those obtained by other observers. 

The conclusion to be drawn seems evident, namely, that in the 
domain of tactile stimulation by electricity the reaction-time de- 
creases with the increase in the intensity of the stimulus. 




EXPERIMENTS ON THE MUSICAL SENSITIVENESS OF 
SCHOOL CHILDREN 


J. A. Gilbert. 


Bodily measurements of children have been repeatedly made; their 
laws of bodily grow’th have been empirically deteiTnined; most ina- 
portant deductions for the equipment and management of schools v 
have been made from them. The senses and intellect of schbol 
children have received less attention; most of the work has been 
confined to investigating the shaqmess of vision, the acuteness of 
hearing (deafness) and the memory powers. The musical sensitive- 
ness has never, I believe, been tested. 

By musical sensitiveness is meant the least noticeable difference in 
the pitch of a tone. Those who can detect a small difference in 
pitch between two successive tones are more sensitive than those 
who can detect only larger differences. 


Apparatus and methods. 

Since the object of the present investigation was not to determine 
the least perceptible difference in relation to tones of vaiious pitches 
but was to compare children with one another, a single tone was 
used throughout the experiments, namely, the tone d=:435 of inte?-;: 
national pitch. The method was that of minimum gradation, 
experiment was composed of two tones and a judgment as to t 
likeness. The tone a was first sounded, then a tone ^ of a | 
higher; the child answered ^‘same” or “different;” d was 
sounded, then a tone higher; and so on, the second tone beil 
raised ^ each time, until the child had several times declared 
tones to be different. Thereupon the second tone was started at th^* 
same pitch as the first and in like manner successively lowered. The:^; 
number of thirty-seconds of difference that were just perceived was 
noted in the two cases; the average gave the result for a single 
experiment. Ten experiments were made on each child. The child 




was left entirely ignorant br ibe method of performing the experi- 
Hl^nt, so as to avoid suggestion of any kind. 

The iiiiitrument usid j^^^aking the experiments was composed of 
an adjustable pitchpLpe with index-arm moving over a large scale. 



Fig. 38. 


The instrument, which may for brevity be called the tone-tester, is 
V shown in figure 28. The fan-shaped plate A is supported by a handle 
beneath it. The pipe B, fastened to A, contains a vibrating reed 
whose length is regulated by a tightly sliding clamp, the projecting 
rod of which is shown at C. Tliis clamp is moved by a lever whose 
-loiig arm D, with the handle E, extends out over the plate. It is 
T^adily.seen that, for eacli different position of the point of the long 
the vibrating reed will have a different length and the tcyae 
■||6dTiced will be different iii pitch. It is also evident that a small 
^ ■ ^ in pitch corresponds to a large movement of the point of 

long arm. 

■ iThe points on tlie index for each tone and half-tone were deter- 
%unod by direct comparison with a carefully tuned piano of a piano- 
dealer. These larger divisions w^ere then divided proportionately 
into sixteenths. As the large divisions were into half-tones, these 
divisions corresponded to thirty-seconds of a tone. 

■ 6 ■ ' ' 
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The accuracy of the results depeiided on the accur^y of the 
' instrument and the accuracy of the method. The possible errors pf^ 
the instrument were as follows : error of tuning, error d5F gradua- 
tion, and two errors of change in pitch. 

The readings of the instrument must be accurate to 1 unit of the 
scale of a tone). The largest allowable error in the instrument 
is thus i a unit of the scale. 

As the tuning was performed by observing the freedom from beats, 
the error from this source could not be above a tenth of a beat per 
second. The half-tone d to corresponds to nearly 26 vibrations 
per second ; half a space of the scale would indicate about f of a 
vibration. The error is thus less than ^ of a space. 

The intermediate graduation was done by eye, and was unques- 
tionably accurate within of a space. 

The lii’St error of change in pitch is the error thslt might be intro- 
duced by back-lash in the joint between the levers. To avoid this 
the lever was always started beyond d and moved up to it in the 
direction in each experiment. With this precaution the error is same 
practically zero. 

The change of pitch due to changing intensity of the blast was 
mainly eliminated by practice in blowing the pipe. The residual 
could not be determined, but it was probably negligible in compari- 
son with the others. 

All the residuals are much less than the required amount. Their 
sum was unquestionably within the limit set, and the requirements 
of precision in the instrument can be said to have been sati8fie<^. 

The sources of variation due to mental influences were as follows : 
influence of the judgment of pitch by changes in intensity, influence 
of suggestion. 

Judgments of pitch are generally made quite without regard to 
intensity. Measurements of the influence, of changes of intensity 
on the judgments of pitch have never been made ; but as great care' 
was taken in blowing the apparatus an^ as the adult experimenter 
could regulate the sBund with an ear so much finer than that of the 
children, the variation was probably negligible. Otherwise it enters 
as one of the factors into the mean variation giv^n in the table. ; ■ : , = 
All chances of suggestion had to be avoided. Children are in- 
clined to follow, almost unconsciously, the slightest indication iii 
making their decisions. Those of the ages nine and upwardis' were 
dealt with in groups, each piaking upon a paper an equality-sign 
when the two tones seemed the same to him and a cross when they 
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seemed different. Children of six, seven and eight years of age had 
be dealt witli individually for fear that they would be influenced 
by their companions and would not be reliable in their marking. All 
results were very satisfactory with the exception perhaps of three 
children aged six whose data were somewhat uncertain on account of 
lack of attention, independence and decision, or perhaps from the 
excitement, fear and novelty of the undertaking. These influences 
of suggestion and distraction are probably the main factors in the 
mean variations. 


Experiments. 

Five boys and five girls of each age except 18 and 19 were experi- 
mented upon. For the ages 18 and 19 it was possible to obtain only 
girls. In computing the results the average of all the experiments 
for a given age was first obtained. The mean variation from this 
result was noted. Then the children of that age were considered 
separately, the mean variation from the result for each child being 
computed. Finally the average of these mean variations was taken. 
This can be illustrated as follows. Let 


Jio 

be the results for ten children of a given age. The total average 

will be (a, + + 4- + +j, 

-f-100; this is the result given in column D of the table, the first 
decimal place of the avei’age being retained. The mean vanation 
of the separate measurements, obtained in the usual way is given in 
the column headed MV. This mean variation can be used as kn 
index of the accuracy of the result. The results for each child were 
obtained by taking the averages («, + +«,o) 10'= a, 

<*,+6,+ . . . +*J»5-io=*, 0’.+i.+ - • • 

The average of these averages is, of course, the same as the total 
average. The mean variations for a, b, , . . .y j are then calculated; 
these mean variations will indicate how much the child’s judgments 
fluctuated owing to the conditions of attention, suggestion, etc. To 
get at the average effect for the given age the average of th^se 




84 


mean variations was taken; this is given in the table in the column 
* MV'. The last column *in the table gives the number of expeji-'^ 
ments for each age. 


%ABLE. 



D, least perceptible difference in 32"'** of a toAe. 

MV, mean variation for total result. 

MV', average of mean variations for separate children, 
n, number of experiments. 


The relation of the size of the least perceptible difference to the 
agf/ is shown in the accompanying curve, fig. .20, in which 
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on the horizontal axis indicate the ages, those on the vertical axis 



Conclusions. 

1. The primary aim in taking up this problem was to discover if 
there were any who could mot distinguish to a half-tone, and if so, 
to determine the proportion to the total number. The question was 
of .practical importance. A»y such children could not, of coursd, 
receive the; same instruction in music ; if the proportion below a 
certain age were, large, musical intelligence could not be expected in 
the earlier ages. • 

The results show that the children are fully capable of the task 
expected of them. The least sensitiveness occurs with children of 
six yeats where the average least perceptible difference is 12 thirty* 
seconds or f- of a tone. Of all the children examined there were 
only threeandividuals Ti^hose average exceeded half a tone. • 
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2. It is at once seen that the least perceptible difference decreases 
with increasing age, i. e. the sensitiveness increases. The sensitiye^ 
ness increases at first rapidly, but finally becomes almost stationary. 

It is a pedagogical principle that the child develops more rapidly 
during the first ten years of its life than at any other time. Tone 
discrimination offers no exception to the rule ; in the three years 
from 6 to 9 the child gains in discriminative sensibility more than 
twice as much as in the whole of the ten years thereafter up to the 
age of 19. The contrast increases as the number of years taken 
into consideration is greater, for the child gains more in the three 
years from 6 to 9 than it can possibly gain during the rest of its 
life-time. 

3. Judging from the way in which mind and body develop under 
education it would naturally be inferred that the discriminative 
ability of the child would increase regularly with advance in age. 
At the ages ten and fifteen, however, occur very abrupt changes. 
In order to verify the data for those points I repeated the trials on 
the years nine, ten and fifteen with increased numbers in each age 
but the second average result varied only 0.3 of a thirty-second from 
the first average, showing that the curve was true to the facts so far 
as could be detected. 

A similar change in the cuiwe apparently occurred at the age of 
twenty, but as I only had three subjects of that age I did not feel 
justified in adding the result to the table, yet this seemingly similar 
jump at twenty — a leap in the curve from 2.4 up again to 3.2 — ^adds 
credence to the supposition that there is some periodic change caus- 
ing it. After twenty years the curve seems to drop again as it did 
after 10 and 15, but here also the number of persons was insufficient 
to justify establishing a point on the curve. 

It will be noticed that the sudden changes divide the curve into 
uniform portions from 6 to 9, from 10 to 14 and from 15 to 19. 

An explanation for this loss of sensitiveness at certain ages seems 
difficult. ^ 

The change at fifteen is more easily explained, perhaps, than the 
one at ten, as that is the age at which puberty shows its effects on 
the system. Although these influences cannot be placed at one 
certain year, the average lies at 14 years and five months.^ 

Possibly the second teething which occurs at 9 to 12 yefirs of age 
may have such an influence on mental life as to cause a loss of sensi- 
tiveness. 

^Eighth Annual Kept. Mass. State Board of Health, 1877, p. 284, O^abl^ No. 16. 
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Similar decreases in ability are to be seen in the results obtained 
V Bryaist.’ There is a marked difference between the data of the 
two periods 9-10 and 14-15 from the data of the other ages. Also 
in the charts at the close of his article there is an almost invariable 
change in his curves at the ages 10 and 14, showing that his subjects 
labored under some set-back or disadvantage at those ages. 


* Bryan, On voluntary motor ability, Ain. Jonr. Psych. 1892 V 160, Table VII. 



A NEW REACTION-KEY AND THE TIME OF VOLUN- 
TARY MOVEMENT 

BY 

E. W. ScRiPTUBB and John M. Moobb. ’ 

111 an article on the skin-sense' Dbssotb describes an arrangement 
for use in place of the ordinary telegrapli-key in investigating reac- 
tion-times. Ill addition to the gain in convenience he claims that the 
varying results obtained for sensory and muscular reactions are due 
to the effect of the construction and manner of* u6c of the ordinary 
key on the time of executing voluntary movements. 

At the request of Prof. Titchener of Cornell University a rough 
copy of Dessoir’s arrangement was made in our laboratory work- 
shop. It became evident that this aiTangeinent possessed only one 
good quality, that of portability ; with it the arm and hand did not 
need to be upon a table as with the telegraph-key but could be 
placed in any comfortable position. With this exception all the 
disadvantages of the. telegraph-key were retained and some further 
ones added. 

The advantage of portability is so great that the problem of the 
invention of a key that could be used^ in any position was {inder- 
taken. At the same time certain faults of the telegraph-key were to 
be avoided. There was to be no spring ; the key was to act on the 
make or the break or on both ; each contact was to be applicable to 
either a flexion or an extension movement. 

The problem was solved with success. ^ The final form in which 
the key was made, is shown in fig. 30. 

• Two hard-rubber slides run on steel guides. The upper slide has 
a hole to fit the end of the finger. The other has an inclined hole 
for the thumb, for use when the key is held by the thumb and finger 
alone. When the key is rested on anything or js held by the other 
hand, the thumb may be placed against the projecting arm ; this 
arrangement gives a somewhat easier action, as the finger moves 
more naturally in a plane inclined to that passing through thumb 
and finger. 

i Dbssoib, Veber den HoMtsinUf Du Bois-Beymond’s Arch, f . Physiol. 1^2 800*: 
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The binding-post shown at the top carries a platinum contact ; 
^hat on thp upper slide is connected with a contact at each side of 
the slide ; that on the lower slide is connected with a contact point- 
ing upward. The lower slide is fastened at any point by a clamp 
whose screw is seen to the left in the figure. This determines the 
range of movement of the upper slide. 

The upper slide can make contact at either extreme of its move- 
ment. One wire is always carried to the binding-post on the mov- 
able slide. To have a break-circuit record with a flexion movement, 
the other wire is carried to the top binding-post ; the thumb and 



Fig. 30. 

finger are held apart at any desired distance ; at the least movement 
of the finger the current is broken. For a break-circuit record with 
extensor movement the other wire is carried to the post in the fixed 
slide ; the finger is bent* till the slides touch. For make-circuit 
records the lower contact is used with the extended finger, the upper 
with the bent finger. As tbe excursion can be made very small b*y 
adjustment of the lower slide, the lost time for make-records can 
be reduced to a minimum. 

No spring for holding the contacts is needed. The movable slide 
is brought into position by the finger and will retain its contact 
without pressure until disturbed. 

While using this key in an exercise on the rapidity of tapping 
movements of the finger we found that we had the means at hand 
of making hew investigations on the time and extent of voluntary 
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movement. All previous work in recording taps had been done 
vdth an ordinary J;elegraph-key by which only the moment of tlfe 
extremity of the downward movement was recorded. By simply 
connecting the binding-posts of the cross-piece and the fixed slide to 
one end of the circuit and the post of the movable slide to the other, 
a record was made of the downward extreme, the upward extreme 
and the period of rest at each extreme. Moreover, the adjustment 
of the fixed slide gave any desired extent for the movement. 

The method of recording was that described by Bliss on pages 
7-10. The key was placed in the primary circuit of the spark-coil 
and the secondary circuit was sent thi*ough the drum and fork. A 
500 fork was used, each half-wave indicating 1*^. A spark-record 
was made of the kind shown in fig. 6. Records were counted in 
thousandths, no account being taken of fractions of a half-wave. 

The subject of experiment, J. M. Moore, was placed in the isolated 
room described on pages 2 and 71. The arm rested easily on a table 
of convenient height. A rod clamped to the table acted as a sup- 
port for the hand. The rod was grasped by the fourth and fifth 
fingers, whereby the motion of other muscles than those of the fore 
finger and thumb was in the main prevented. Three distanbes were 
chosen through which the slide was to move, namely, 5““, 10™“ and 
20““. Two series of experiments were made on each distance. 
The results were combined into the accompanying table. 


TABLE. 


Distance 

E 

MV 

F 

• 

MV 

c 

MV 

w • 

^min 

38 

4 

48 1 

8 

81 

9 

70 

10"*“ 

■M. 

40 

5 ; 

“iT'i 

9* 

88 

9 

60 

20“"* ■ 

1 58 

4 

i 

37 i 

•5 

90 

5 

1 

40 


In this table E indicates the average time of •the extensor move- 
ment, F that of the fiexor movement, C that of the complete 
movement, MV the average deviation and n the number of records 
in each case. 

With the distance of the extensor movement required less time 
than the fiexor movement and was much more regular. With, 10“® 
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there was a similar, but smaller difference ; the limits of average 
ol^iation ghow that in many cases the slower extensor movements 
took longer than the faster flexor movement. With 20™“ the flexor 
movement was much more rapid than the extensor movement. It is 
evident that the point at which they require the same time lies some- 
what above 10““. 

These results can perhaps be explained in the following way. 
When the key was in position the middle finger was placed on the 
upper cross-piece while the fixed slide was held by the thumb. 
So whatever the distance, the fore-finger was always brought back 
to the same bent position. Now, when the distance is very small the 
finger is never fully extended ; thus the extensor muscle has abun- 
dant leverage to do a little work in a very short time, while the 
flexor is not so favored. As the distance increases the flexor slowly 
gains its power — slowly, because it had never been bent enough to 
obstruct its movement materially. But while the flexor is slowly 
increasing in strength, the extensor is losing quite rapidly, for only a 
few centimeters will fully extend the finger so that its whole power 
will be lost. When the distance is 10““ the two powers are nearly 
equal, but with the excess m favor of the extensor. At 20““ the 
balance of power has changed, and the extensor is so near the end of 
its strength as to show clearly in the results. 

A curious result of the gain in one muscle and the loss in the other 
is the fact that the total time of vibration, or tapping, varies only 
about 10 per cent, for distances standing in the relation of 1 to 4. 

Thd time of rest was quite different at the two positions. At the 
end of the extensor movement the make-spark and the break-spark 
indicated a period of 2*^ to 3*^, occasionally 4*^. At the end of the 
fiexor movement the time of rest was so short that seldom more than 


one spark was present, indicating a time too short for detection. 

In looking over the single records it was found that the time of 
movement was much more regular than the introspective obse^ation 
had indicated. At times the observer seemed unable to move the 
muscle ; some unusually long times are found in the record but not 
so often as the observer supposed. 



DRAWmG A STRAIGHT LINE : A STUDY IN EXPERI- 
MENTAL DIDACTICS 

BY 

E. W. Scripture and C. S. Lyman. 

“ The ignorance of the ancients in regard to the art of experi- 
menting, or the low state of development which it reached with 
them, is one of the causes why their physics lagged so much 
behind,” says Poggendorff in his Lectures on the History of Physics. 
In comparison with such sciences as mathematics and astronomy 
physics has achieved most of its progress in modem times. In the 
very latest times the experimental methods have been carried over 
from the general science of physics to the technical sciences depen- 
dent on it; the science of electrical engineering is built on experi- 
ments and measurements, partly taken from the physical labora- 
tories but also to a great extent carried out by practical men for 
practical pui*poses. 

In psychology the first real progress since Aristotle began when 
Pechner showed the possibility of experimental methods. ‘‘ With 
the introduction of experiment, the trustworthy application of the 
method of introspection became for the first time possible” (Wundt, 
Physiol. Psy., 4 ed., I 4). Psychology, to-day is a science of experi- 
ment and measurement. The time seems at liand when applied 
psychology should also become an exact and trustworthy science. 
Pedagogy, or the science of education, is in great extent based on 
psychology. It will not, however, do to wait for the crumbs that 
fall from the psychologist’s table; he is thinking of other matters 
than practical applications. Pedagogy, moreover, has its own pecu- 
liar problems which must be solved in special ways. Can pedagogy 
make use of experiments in solving any of its problems ? 

We have chosen such a simple matter as the drawing of a straight 
line and have tried to gain information on th^ subject by making 
experiments. The main object was to see if yre could really experi- 
ment on a pedagogical subject; at the same time we hoped to make 
a contribution to our knowledge of methods of drawing. No wide 
generalizations have been attempted; we have gathered a few facts 
and drawn the proximate conclusions from . them. We; firmly 
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ibelieve, however, that not only can other questions that arise in 
^gard tQ» drawing be settled by experiments conducted in the proper 
way, but also that the same method can be extended with little 
difficulty to innumerable questions that arise in education. 

Ten boys of the upper grammar grade of the school of Manchester, 
Conn., were chosen so as to be of as nearly the same age as possible, 
the average age being 18 yrs. 3 mos. They had had some instruc- 
tion in drawing throughout the various grades, but not to such an 
extent as in the city schools ; some of them from the country dis- 
tricts had had very little. 

The boys all sat at their desks in just the same positions. A sheet 
of paper 1 in. long by 4 in. wide was placed before each. In the 
middle of the sheet were two dots 100 ™"* apart lengthwise of the 
paper. At a givjn signal each boy drew a straight line between the 
dots. Afterwards a ruler was laid on each sheet so that its edge 
cut the dots. With a pair of dividers the greatest deviation of the 
line drawn from the true straight line was found. The dividers 
were then applied to a scale and the results recorded in millimeters, 
the tenths of a millimeter being estimated. The additional figure 
was retained in the averages, the last significant figure, however, is 
tenths of a millimeter. 

The experiments were performed under certain sets of conditions, 
la the first sets the boys sat squarely in front of the desk, holding 
the pencils in the usual way grasped near the middle. The line was 
drawn with a single movement of the pencil, without going over it 
a second time or erasing. The first line drawn was horizontal, i. e. 
parallel to the front surface of the body. On the second set of 
papers the line drawn was vertical, the other conditions remaining 
the same. In the third set the line was 45° to the right, in the 
fourth 45° to the left. The positions of these lines can be thus 

shown: 0° 270° |i 45° 325° The arrows indicate 

the direction of movement ^f the pencil. In calculating the devia- 
tions, or errors, those deviations toward an excess of the angle were 
called +, those toward the primary position of the line — ; m the 
table the correspofiding terms, over, under, to the right and to the 
left are added. The total error 2 is the difference between the 
maximum + deviation and the maximum — deviation, i. e. the 
amount of the -h deviation added to the amount of the — deviation. 
It is not the distance between the extremes of the deviations of the 
same line. . • 
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Thawing d straight line. 

In further sets of experiments the position of the boys was 
ohauged, the right side being placed toward the desk, l^till oth^ 


TABLE. 


1 i 0° I 

Varied condition : + | ' S 

' over jtiud'r. 

! : ■ 

+ 

left 

45“ 270° 

- S ! + - S 

right j right left 

326" 
+ — 
right lea 

2 

8rip, ; 0 . 86 ; l.io! 1.96 

0.75 

i i 

1.61 2.86:1.24! 0.61 1.75 

1.16 2.86 

3.62 

;i.io:o.5i:i.6i 

2.22 

.. j._ ^ 1 

0.48| 2.65 1.4110.94! 3.36 

1.06 1.64 

j 

2.70 

Pacing, near grip, i gg j j gg 
Steady ; 

2.06 

0.76| 2.83 0.88 1.2012.08 

0.76 1.76 

2.61 

*^**^te^ 0.53 1.13 1.65 1.66 

i ' 1 ‘ 

0.81:1.97 1.14' 0.68: 1.77 

1 1.30 1.67 

! 1 

2.97 

■ 1.24 0 . 94 ! 2.18; 0.96 
progressive • , ; 1 

1.45; 2.41' ‘ 

1 ‘ i 

i i 
1 

i 

j 


Facing, near grip, i i 33 q 79 3 12 
progressive ! * , 

l.ie! 1.03 2.19 

1 ! . i . i 

! 

1 

i 

1-40 1-15 2.03:1.16 1.07:2.28 i i 1 j i 

progressive ‘ ■ j ' •'ill 

Average 1 1.00 l.Oli 2.01: 1.42j 0.96; 3.37 1.16* 0.82; 1.981 1.0?! 1.86! 

1 i I : i : ! i i I 1 i 

2.98 


sets were the same as the first excepting the grip, the pencil lleing 
held near the point. In the next sets the pencil was held far from 
the point, otherwise the conditions were the same as in the first set. 
In the next three sets the lines were drawn by progressive move- 
ments instead of a steady movement. Two inclinations were chosen, 
0° and 45°. The first set was done with 'the middle grip of the 
pencil, the second with the near grip, the third with the far grip. 

Some experiments were tried with other positions than those of 
facing and right side, but the positions were so awkward that no 
results worth tabulating were obtained. 

From the results given in the table we can draA' a number of con- 
‘ elusions. The facing position is more favorable for horizontal 
(1.96) and vertical lines (1.75) than it is for inclined lines (2.36, 3^52). ; 
The right-side position is also more favorable for horizontal (1.61): 
and vertical (2.35) than for 45° (2.65) and 325° (2.70). This is what 
we^ight expect as a result of Listing's law according to which the 
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eye moves more easily upward, downward, right and left (i. e. ver- 
^^ally and horizontally), than in intermediate positions. 

In drawing horizontal lines and 325° lines the right-side position 
is more favorable than the facing position; for the others facing is 
preferable. This is perhaps to be explained by the fact that the 
fore arm swings around the elbow in a curve which in order to pro- 
duce a straight line must be compensated by a backward and for- 
ward movement of the upper arm around the shoulder. In the 
facing position with the paper directly in f j*ont the fore arm toiiches 
the body at the start and the hand is bent at the wrist. As the arm 
moves, it becomes freer and a more natural position is assumed. 
This change in the manner of carrying the ami would tend to intro- 
duce uncertainty into its movements. With the arm raised upon the 
desk in the right-side position it is brought clear of the body, and 
the line can be executed in one sweep. In drawing the 45° line the 
arm is just as free in the facing as in the right-side position and we 
find little difference in the results. In drawing the vertical line we 
would naturally expect much greater accuracy when the motion is a 
simple forward or backward movement of the arm around the 
shoulder, as in the facing position, than when the arm has to undergo 
complicated adjustment with the elbow raised. Why there should 
be a difference with the 325° line it seems impossible to say. Both 
positions, facing and right side, are on the whole equally favorable 
for accuracy, as can be seen by taking the average of the total errors, 
2?, 2.40 for facing, 2.33 for right-side. 

Holding the pencil far fi;om the point is in general the most accu- 
rate method (average of JS* 2.09); near the point is *as accurate as 
the middle grip (2.40). With the pencil far from the point the 
line is drawn with a smaller movement of the hand, which would 
give a better result than a larger movement requiring adjustments 
from elbow and shoulder. For horizontal lines the far grip is the 
most accurate (1.65 against 1.96, 1.99); for 45° the same is true (1.97 
against 2.36, 2.82); for vertical lines the middle and the far grips 
are the same (1.75, 1.77), the near grip is unfavorable (2.03); for 
the 326° line the near grip is the best (2.51), the far grip is next 
(2.97), the middle ^rip is very unfavorable (3.52). That the 325° 
line forms an exception to the advantages of the far grip and is much 
less regular than the others, is evidently connected with the awk- 
ward contraction of the fingers in this direction. 

In progressive lines experiments were made only on 0° and 46°. 
With the middle grip the result is less accurate for both horizontal 
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(2.18 against 1.96) and inclined lines (2.41 against 2.36) than fot 
steady lines. With the near grip it is^less accurate for horizont^ 
(2.12 against 1.99) but more accurate for inclined lines (2.19 against 
2.82). With the far grip it is much less accurate for both (2.66 
against 1.66; 2.23 against 1.97). In general we would expect a pro- 
gressive line produced by complicated movements to be less accurate 
than a steady line. This is the case except in the inclined line with 
near grip ; for this exception we are unable to find any reason. 

When we compare the two kinds of errors + and — we find that 
for 0® they are in general equal (l.OO to 1.01). In the facing posi- 
tion with the steady line the — ■ error is larger, the + errors being 
0.86, 0.56, 0,53, the — errors being 1,10, 1.43, 1.12. With the pro- 
gressive line the reverse is the case : -f errors 1.24, 1.33, 1.40; — 
errors 0.94, 0.79, 1.15. In general the facing position gives, a ten- 
dency to — errors, the right-side position to -f- errors. 

With the 45® lines the general tendency is to -f errors (1.42 
against 0.95). This is to be expected as the 46° line is an arc drawn 
by the forearm with a correction introduced by the upper arm ; 
when we try to draw two arcs of a circle instead of the straight line 

we generally make the arc too curved and the too 

flat. With progressive lines the tendency is for some reason just 
the reverse but is in general much less. In the right-side position 
there is an overwhelming tendency to + errors (2.22 against 6.43). 

With the 270° lines the general tendency is to + errors. ^ The 
middle grip and the far grip give + eri*ors, the near grip — errors. 

With the 325® lines the*— errors predominate in almost every 
case. 

It is interesting to note which inclinations give on the whole the 
most accurate lines. By comparing the values for 2 we find that 
the most accurately drawn line is the 270° or downward vertical line 
and the least accurately drawn the 326° or left inclined line. 

The reasons for many of these facts lire still greatly maUers of 
conjecture to be settled only by careful investigation of the. action 
of the‘se 2 >arate muscles of the arm and eye in each case. 



SOME NEW PSYCHOLOGICAL APPARATUS 


E. W. Scripture. 

In starting the Yale laboratory it was deemed best to provide 
ample facilities for the repair and construction of apparatus by 
establishing a serviceable workshop-equipment. In addition to the 
large amount of work done for the investigators of special problems, 
several pieces of apparatus of general use were invented and manu- 
factured. Some of these, the multiple key (first model), the reaction- 
key and the switch-board have been described in the preceding 
pages. There ire, however, three others that are deserving of 
mention. 

In the first model of the multiple key, the two levers were hung 
on different axles; consequently the arcs described by the contact- 
points were not concentric. For most purposes this made little or no 
difference. For two of the numerous uses of the key it appeared 
quite desirable to avoid this difference of centers. In the first place 
it is geometrically evident that in using the contact E-U (fig. 11) 
the upper point will slide sideways slightly as the key is depressed. 
This makes slight variations in the resistance to the current passing, 
th) ough the points. These variations are not noticeable except in a 
telei^one-circuit ; there the result is to produce a grating noise in 
addition to the tone or noise sent through the telephohe. The other 
objection is a somewhat similar one in regard to the contact D-S-T. 
The point T slides along the spring S and causes variations in the 
strength of the current. 

To remove these objections a new key was built in which the 
lower lever works around the same axis as the upper one, so that 
any point of the upper lever striking the lower one will always 
touch it at the same place, no matter how far it -is moved. 

^'hie hew key is shown in fig. 31. The lower lever has two pj*ojeot- 
ing arms that are l^^ung on the axle of the upper lever. There is no 
necessity for the spring S (fig. 11) in the first ‘key ; consequently 
both contacts and 3 are alike. Experience having shown the 
mercury cup to be better than the contact N-R of the first key, the 
latter has been omitted. Figures opposite the various contacts in- 
dicate the binding-posts to which they are connected. 



Fig. 31. 


can be adjusted to strike at the same time and maintain their con- 
tact through an arc of 10 °. The rubbing of the upper contact 
against the lower one, as tested by the telephone, has been totally 
eliminated for 7-8 throughout the arc and for 3-4 throughout a 
somewhat smaller one. 

Another piece of apparatus constructed is a pendulum-contact. 

Those who have used mercury contacts for clock-pendulums well 
know the continual trouble that they give when placed in the center 
of the arc of swing at the extremity of the pendulum. Relief has 
been sought by resorting to platinum contacts made when the pen- 
dulum is at the extremes of its arc. The sources of error in this 
method have made it almost inapplicable in scientific work. • 

After wasting considerable time and money in these two ways, a 
contact-apparatus was invented which made platinum contact in the 
middle of the arc of swing. In this way the advantages of solid 
contact and mid-arc contact were gained together. 

This clock-contact is shown in fig. 32. The support A carries the 
horizontal metal piece B with the binding-post C. The rubber block 
D; fastened to B, carries the metal ana E, which by means of its 
axle is in contact with the binding-post P. At the end of E there 
is a platinum point G which rests on another platinum point at the 
end of the screw IT. This instrument is placed«on the floor of the 
clock just far enough in front to clear the pendulum. A flne wire I 
is run from the arm E to a pin on the pendulum-arm J, If H M 
adjusted so that the platinum points just touch when the pendultim 
is at rest, any movement will break the circuit. When the pehdu- 
lun{ is swinging, contact is made only at the lowest point of th 0 :ltrc. 
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' Qinog to the light weight of the parts and the a rna lTneHa of the 
'^ijOTenient, the fiiotion is exceedingly- snudl. 



Fig. 32. 


The third instrument to be described is a new chronograph. The 
electric drum mentioned by 'Bliss on p. 9 was a temjvorary arrange- 
ment which did such excellent service that the construction of a 
thoroughly durable apparatus was decided upon. 

The drums used for physiological work, such as the Baltzar 
kymograph, are made to run at slow rates of speed. Those used for 
physical purposes, such hs the Konig drum, are not made for con- 
tinuous running. For psychological work there is need of a very 
rapid drum running continifbusly as long as desired. In the W undt' 
chronograph a high rate of speed is obtained by using clockwork as 
the motor power. Such an arrangement is very expensive and is 
unsatisfactory in several ways. 

The drum shown in fig. 33 is either a hand-drum or an electric 
drum. The cast-iron base is supported on three fixed and one 
adjustable leg. The dnim itself runs on hardened steel centers 

* Phys. Psych, 8 ed. n 279. 
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pne impulse of the hand. When an electric motor is to be used, the 
wheel is removed and a pulley is placed on the axle. The btotot 
is fastened to the base by a slide and bolt. 

The carriage for the time-marker is mounted on rails , planed -like 
those of a lathe-rest. Rigidity is attained by the conical support 
■■for. the rod. 
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REACTION-TIME IN ABNORMAL CONDITIONS OF THE 
NERVOUS SYSTEM. 

BY 

Alfred G. Nadler, M.D. 

The bbject of the present research was to investigate the possible alter- 
ations in reaction-time and thought-time in diseased conditions of the 
nervous system. The experiments were performed upon individuals ex- 
hibiting symptpms diagnostic of one of four types of diseases. The sub- 
jects were patients applying at the University Clinic. The four types 
selected were neuritis, hysteria, locomotor ataxia and allied conditions, 
and alcoholism. 

The experiments were performed on a Scripture pendulum -chrono- 
scope, which consists of a pendulum, a pointer, a scale, a signal and a 
reaction-apparatus.' The pendulum is held at one side by a catch ; when 
set free, it travels across the scale. As it passes the zero point it sets in 
motion and carries with it the pointer ; the scale is divided into thous- 
andths of a second, the pendulum and pointer being so arranged that one 
second elapses while the pointer travels from o to looo. As it passes the 
zero point the pendulum springs a catch which gives the signal to the 
subject. This individual, all prepared, with a finger on the reaction but- 
ton, ijresses the button in resjponse to the signal. This locks the pointer 
against the scale at whatsoever point it happens to be. The experimenter 
has then only to read off the mark on the scale at which the pointer is set. 

For simple reaction-time, the opening of a shutter on the signal board 
was the signal ; for complex reaction-time red or white cards were indis- 
criminately inserted behind the shutter and the subject reacted only when 
the red card was seen. 

The simple reaction consisted in this case psychologically of percep- 
tion and volition, physiologically of the passage of a nervous impulse 
from the eye to the visual center in the brain, then to the ann center and 
downward to the muscles of the arm and hand. The complex reaction- 
time adds to this the two mental processes : discrimination between the ^ 

^Scripture, Some new apparatus^ Stud. Yale Psych. Lab., 1895 III 98. The 
mean eiTOF of this instrument is two thousandths of a second ; the mean variations of the 
records are therefore psychological quantities ; see Scripture, New Psychology, 142, 
London, 1897. 
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^colors and choice between movement and rest ; the physiological side of 
these processes is unknown. 

In classifying and arranging the results, the median” was used^ 
instead of the average as a basis of comparison or discussion. The 
median is the middle value in a set of numbers ; for example, if there 
are lo or 20 members, it is the average of the fifth and sixth, or the 
tenth and eleventh; if there are ii or 15 numbers, it is the sixth or 
the eighth one. 


Local neuritis. 

In this group are classed all those cases in which the nerves supplying 
the muscles of the forearm or hand were affected, causing a partial par- 
al5rsis of either hand. It comprises neuroses of a local nature due either 
to trauma or toxines. In all cases, one or more branches of the brachial 
plexus or nerves were affected. At the seat of a local lesion of a periph- 
eral nerve or a nerve whose branches supply the periphery, the nerve 
is usually inflamed, that is, swollen, infiltrated and reddened. The 
sheath alone may be diseased or the inflammation may affect also the in- 
ternal portion, under which circumstances the infiltration is more exten- 
sive and surrounds, the nerve bundles. The nerve fibres themselves may 
not be involved, but there is an increase of the nuclei in the sheath of. 
Schwann. The myelin is fragmented, the nuclei of the internodal cells 
are swollen, and the axis cylinders present varicosities or undergo granu- 
lar degeneration. The nerve fibres may be entirely destroyed and re- 
placed by a fibrous connective tissue in which fat is deposited. In neu- 
ritis due to lead poisoning and in the more'serious cases due to trauma, 
the changes met with in the nerves are somewhat different. This is 
termed parenchymatous neuritis and the changes resemble closely that 
described as secondary or Wallerian degeneration, which follows when 
a nerve is cut off from its center. There is segmentation in the myelin 
and breaking up of the axis cylinder, with prbliferation of the nuclei of 
the sheath of Schwann and neurilemma. The changes may be limited to 
the medullary sheath, constituting what GoAbault has termed peri -axial 
neuritis. These neuritic changes are found in segments, the affected 
portions being separated by healthy parts; this is the so-called ^'seg- 
mental neuritis.” In the musculo-spiral nerve, 'which is especially 
‘affected in lead poisoning, the parench3matous and p^ri -axial neuritis are 
found together, the former generally being in the small branches going to 

1 Scripture, On mean values for direct nieasurenuntSy Yale Psych. Lab., 

1895 III I. 
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the muscles, the latter in the main nerve trunk and larger branches^ The 
'^3rmptoms in the following cases were pain along the arm and hanH over* 
the course of the. nerve affected, several points of tenderness on the 
Ijeriphery, an inability to freely move the arm or forearm or han<1 or one 
or more fingers. Sometimes the flexor muscles were affected, more 
often the extensor. Some tactile sensation also was lost. 


Table I. 


Subject. 

Disease. 

S 

ds 

C 

da 

W. B. 

Neuritis due to injury 

. . . 21S 

78 

353 

146 

M. Y. 

Neuritis 

390 

36 

504 

66 

J. M. 

(( 

... 379 

16 

557 

34 

J. W. 

C( 

• . • 379 

53 

498 

48 

H. G. 

(< 

... 314 

91 

442 

163 

L. M. 

Neuritis, %lcoholic 

. . . 192 

39 

428 

48 

M. M. 

Neuritis . . . 

... 407 

35 

525 

39 

J. W. 

Neuritis, wrist drop 

... 166 

22 

299 

38 

J. w. 

After treatment 

... 143 

24 

277 

33 

A. L. 

Neuritis . . 

... 294 

61 

478 

87 

A. L. 

After partial treatment 

. . . 18S 

H 

487 

47 

J. S. 

Neuritis, diseased arm 

... 403 

12 

640 

10 

J.S. 

Sound arm 

... 256 

20 

423 

12 

c. w. 

Neuritis, diseased arm- 

• . • 393 

17 

504 

14 

c. w. 

Sound arm . . 

. . 243 

14 

392 

5 


Unit, thousandth of a second. C, complex reaction-time. 

Number of records on each subject, 40. ds, dc, mean variations for the individual 
.S', simple reaction-time. subjects. 


As would naturally be expected from such diseased conditions, the re- 
action-time is materially lengthened. The increase is undoubtedly due 
to the local lesion of the nerve. This is proven by the varying increases 
over the normal in the different subjects according to the extent or cause 
of the injury or the severity of the symptoms. It is also proven by the 
fact that the complex time is only so much longer than the simple reac- 
tion-time as exists ordinarily in normal conditions. 

The mean variation, which is the index of regularity in the action of 
the patient’s mind, is not greater than that found in healthy persons under 
the same conditions. , 

It was found that in patients with but one arm affected, the reaction- , 
time was longer in the diseased krm than in the unaffected limb ; in pa- 
tients experimented upon during or after treatment the results improved 
with improved conditions. 
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Locomotor ataxia and multiple neuritis. 

The diseases of this group are affections of the spinal cord due to de- 
generation or sclerosis of one or another tract or column. 

Although the results are alike in many respects, there are sufficient dif- 
ferences to bring out the distinction between the two diseases. 

Locomotor ataxia is an affection of the nervous system characterized 
clinically by incoordination with sensory and trophic disturbances and 
involvement of the special senses, particularly the eyes. Pathologically 
there is sclerosis of the posterior columns of the cord, foci of degenera- 
tion in the basal ganglia, and sometimes chronic degenerative changes in 
the cortex cerebri. The peripheral nerves also undergo degeneration. 

Marie asserts that the primary change is a nutritional defect of the 
ganglion cells of the posterior root. In this disease, there is not loss of 
motor power, but incoordination. The motor, efferent fibres of the 
peripheral nerves are intact. In ordinary peripheral neuritis, both motor 
and sensory fibres are diseased. The ganglion cells of the posterior spinal 
ganglia are destroyed in tabes, but their axis cylinder prolongations in 
the cord undergo degeneration and atrophy; consequently a sclerosis 
occurs in the three ascending tracts, namely, Lissauer^s tract, the pos- 
tero-external column and Gold’s column. 

In multiple neuritis the lesions and pathological conditions are prac- 
tically the same as in localized neuritis, with, of course, extension to 
larger areas and the involvement of more nerves and portions of the cere- 
bral and spinal ganglia. 

The symptoms of locomotor ataxia are manifested mainly by a lack of 
coordination. The lower extremities are principally affected, causing 
the characteristic ataxic gait. In advanced cases the arms and hands are 
involved, producing numbness or tingling in the fingers. 


Table II. 


Subject. 

Disease. 

S 

ds 

C 

da 

C. M. 

Locomotor ataxia 

. • • 3J3 

9 

869 

24 

F. H. 

it it 


9 

728 

39 

F. N. 

<( it 

392 

6 

793 

15 

G. R. 

* « it 

38s 

6 

767 

12 

J.K. 

Multiple neuritis 



864 

z 6 

G. B. 

it ti 


19 

794 

42 

•S. P. 

If tt 

414 

72 

756 

132 


Unit, thousandth of a second. C, complex reaction-time. 

Number of records on each subject, 40. ds, da, mean variations for the individual 
.S', simple reaction-time. subjects. 
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^ In multiple neuritis, since the motor nerves are peculiarly affected, the 
symptoms are mainly those of paraplegia. The extensor muscles are 
affected more than the flexors, causing thereby wrist-drop and foot-drop 
and the peculiar steppage gait. 

The simple reaction-times in these cases were markedly long, longer 
in those affected with multiple neuritis than in the tabetic patients. The 
thought-times were distinctively long also, but more so in the group of 
locomotor ataxia patients. The mean variations were comparatively 
small in all the series except in one subject. 

Do these results agree with the symptoms and pathological conditions ? 
And are they such as one might reasonably expect? I. think we can 
answer in the affirmative. 

In the first place let us compare the simple reactioii-times. The re- 
sults are longer ia the multiple neuritis cases in this set of experiments. 
This is surely in accordance with expectation. The observer has 
simply to react and, the. motor nerves being affected, the outward ciirrent 
travels more slowly ; the result is a longer reaction-time. For tabetic 
patients the disturbance in coordination would also^ause some lengthen- 
ing beyond the normal time. 

In regard to the complex reaction-time this difference between the two 
•classes would appear scarcely sufficient to affect the complicated process. 

The astonishing regularity of the simple reactions in locomotor ataxia, 
■as shown by the smallness of the mean variations, remains an inexplicable 
fact. 


• Alcoholism. 

The patients which I have classified under the title alcoholism, for 
want of a better name, were men on the verge of delirium tremens. 

They were men who had been on a bout** for a varying number of 
days and appeared for treatment when on the border lines of conscious- 
ness. The condition is such as is seen by every one almost any day on 
the streets of a large city. It is a stage beyond drunkenness. 

The patients are men wlib are immuned to alcohol and have drunk 
•enormous quantities during their lives. They no longer become intoxi- 
cated according to the popular idea of that term. Their tissues and 
organs are probably%atui:ated with the toxine. They are accustomed to^ 
drink gin and whiskey. Their condition would be, perhaps, best de- 
scribed as that due to systematic intoxication. 

When they come for treatment their minds are clear and active ; they 
■are acutely anxious. Being aware of the condition in which they are, 
they are fearful lest it become worse. They cannot sleep and arfe ut- 
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terly worn out; tremors shake their frames. The walk is shaky and 
weak, but not staggering. Sleep is their necessity and without medical 
interference sleep will not come. Unless their need is fulfilled the con- 
dition becomes rapidly worse and the patient is soon in the throes of de- 
lirium tremens. 

The pathological condition in this affection is not accurately known, 
but, reasoning by analogy, one cannot be far wrong in the following 
description : There is in the brain a shrinking of the substance with 
narrow, flattened and shrunken convolutions, and serous effusion in the 
ventricles and subarachnoid space. Some of the vessels have degene- 
rated and blood has oozed into the brain substance. The nerve cells 
and fibres are wasted throughout their course. In the cord there is in- 
creased vascularity, especially in the posterior columns. The changes in 


the nerve fibres are those of sclerosis or fatty degeneration. 

Table III. 

Subject. Disease. ^ ‘ S t/s 

C 

do 

J. M. 

Alcoholism . . 


15 

479 

28 

P. M. 

<< 

174 

30 

434 

60 

J.L. 

« 


6 

464 

20 

F. W. 

t< 


6 

469 

II 

I. M. 

i< 


9 

5*8 

18 

J. B. 

(< 

. .161 

8 

506 

12 

A. P. 

it 

168 

9 

453 

20 

P. M. 



6 

443 

27 

P. M. 

it 


9 

398 , 

7 

F. S. 

<( 


11 

416 * 

23 

G. W. 


195 

16 

507 

32 

J.W. 



*3 

394 

IS 

T. L. 

(< 

173 

13 

397 

8 

L. M. 

ft 

178 

19 

424 

29 

T. H. 

cc 

.163 

20 

415 

72 

T. H. 

After treatment ' 

• 131 

5 

394 

22 

J. H. 

Alcoholism . . . 


8 

499 

10 

J, H. 

Partially cured 

-,*56 

6 

397 

9 

M. M. 

Alcoholism . . 


x8 

421 

44 

M. M. 

Cured of attack 


13 

397 

II 


Unit, thousandth of a second. 

Number of records on each subject, 40. 
•S’, simple reaction>time. 


C, complex reaction-time. 
da, do, mean variations for the individual 
subjects. 


In this group, strange to relate, the simple reaction-times are consider- 
ably shorter than in any series of experiments performed on healthy per- 
sons at the Yale laboratory. The complex times, however, are Ipngw^ that 
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is to say, the differences between the simple reaction-times and the* 
complex times are larger than for the normal person. The mean varia- 
tions are comparatively small in the first series, and in the latter they ap- 
pear to depend upon the personal attributes of the observer. 

In the experiments made upon the same individuals after treatment, 
the results showed a decrease in the reaction-times throughout, making the 
simple reaction -time less than in the normal and the complex time^about 
normal. These results appear to show that the effect of the alcoholic 
toxine upon the individual is to heighten the power to perform simple 
regular movements, but that where a judgment is needed, the individual 
is at a disadvantage. 

Hysteria. 

To better understand the peculiar results of the experiments on hys- 
terical subjects it may be well to begin with a brief characterization of 
the disease. 

Hysteria is a functional disorder of the nervous system, associated 
with excitability and a want of will power. It is manifested by uncon- 
trollable nervous paroxysm or crises, and intermediate states of perverted 
nerve function. * * * The symptoms vary from mere exhibitions of 
excitability provoked by slight causes to prolonged and frequent convul- 
sive attacks. Paroxysms of uncontrollable laughter or crying, without 
apparent reason, explosions of anger or terror upon the slightest provo- 
cation, headache, sleeplessness, attacks of trembling, flushing, chilli- 
ness,* choking sensations, and, above all, unreasonabje actions or com- 
plaints designed to impress the spectator with the importance or wonderful 
character of the ailments. All sorts of vagaries resulting from a perverted 
imagination assist in making up a truly kaleidoscopic clinical exhibition.' 
The symptoms vary from day to day. Upon being questioned regarding 
their trouble, the patients- reply that they are so very nervous.” That 
statement covers the ground. In the majority of cases, the patient has ex- 
aggerated a slight trouble ui^til it has assumed tremendous proportions in 
her eyes, and once having fallen into the habit she is with difficulty taught 
its error. 

In this group, the reaction-times were very erratic, that being the most 
noticeable feature. The median for the simple reaction-time is dmosU 
normal, but the mean variation is extremely large. The complex time is 
increased greatly above the normal and here again the mean variation is 
greatly enlarged. The cause lies probably in the difficulty with which 

'Bykord, Manual of Gynecology, 137, Philadelphia, 1895. 
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the observers concentrated their attention. In some cases it appeared as 
if the patients had forgotten what they were attempting to do. Suddenly 
they would recollect and react, the time, of course, being greatly pro- 
longed. This was especially true of the complex time. Or perhaps the 
patient would not be positive at first and would require a second thought 
to assure herself that the signal was read correctly. 

The experimental results are given in the following table : 


Table IV. 


Subject. 


Disease. 

S 

ds 

C 

dc 

H. G. 

Hysteria . . 


... 308 

91 

399 

197 

E. S. 

i( 


... 23s 

54 

742 

93 

F. F. 

<1 


. . . 287 

77 

779 

123 

H. A. 

(( 


... 198 


764 

96 

W. F. 

ti 


... 186 

17 

S99 

51 

J. W. 

(( 


. . . 184 

23 

612 

34 

P. A. 

t( 


. . . 198 

31 

744 

68 

e. A. 

(1 


... 193 

20 

802 

73 

M. M. 

(< 


• . . 187 

26 

749 

91 

P. H. 

tt 


... 187 

21 

736 

108 

M. S. 

tt 


... 483 

185 

641 

167 

D, A. 

tt 


... 164 

66 

I 

j 


Unit, thousandth of a second. C, complex reaction>time. 

Number of records on each subject, 40. ds, do, mean variations for the individual 
S, simple reaction-time. subjects. 


It’was found impossible to secure any recorfis of complex time for p. A. , 
as she could not refrain from reacting to every fall of the shutter, regard- 
less of the color it showed. 

Summary. ’ 

In order to compare the results for the different diseases the general 
average must be computed for each disease. The mean variation for 
each observer serves for this purpose the sariie function as the mean error 
of a set of physical measurements. Let d^, </,, — , dj^ be the mean varia- 
tions for the various individuals whose averages are respectively 
Since each average was obtained from n experiments* the mean variations 
^for each of the averages will be 
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• I'he weights of the averages are therefore 

I I I 

A — jjv •••>/* — 

The final average is 

A — A^i + A<^« 

A + A + '** +A 

Since the number of experiments was the same in every case, the value 
n is constant and the same result for A is obtained by using 



instead of the formulas previously given. The final average for each dis- 
ease is calculated in this way. 

If we consider the mean variation for an individual as a measure of his 
uncertainty of mental action, we can inquire for the average uncertainty 
of the group, which for k individuals will be 

^ k 

The average mental uncertainty is calculated for each disease. 

Lastly, to complete the pipture of the disease it is necessary to indi- 
cate how the individuals differ from each other in theit averages. This 
is done by computing the statistical mean variation. 

Let A be the average for the whole group whose individual values, or 
averages, are ^ then the individuals vary from the group -aver- 
age by =. A--a^, z\ = A—a^, — , average variation 

of the individuals of the group will be 

~k 

This figure indicates the homogeneity of the group, and thus gives a 
characteristic of the uniformity of the disease in this particular property. 

The calculations have been performed and verified with the greatest 
care, Crelle*s' and Barlow’s* tables being used wherever possible. 


'Crelle, Rechentafeln, Berlin, 1857. 

* Barlow, New Mathematical Tables, London, 1814. 
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In order to have a comparison with normal individuals I have added 
computations from the records made on 19 college students, each record 
consisting of ten experiments. 


Condition. 

S 

U 

V 

C 

U 

P 

B 

k 

Local neuritis 

360 

42 

67 

570 

63 

135 

210 

II 

Multiple neuritis 

418 

5 

4 

848 

63 

54 

430 

3 

Locomotor ataxia 

387 

8 

7 

786 

23 

42 

399 

4 

Alcoholism 

163 

13 

7 

• 440 

26 

48 

277 

17 

Hysteria 

192 

S3 

51 

671 

100 

96 

479 

12 

Normal 

179 

29 

31 

349 

58 

S8 

170 

19 


St simple reaction-time. average departures of the indi- 

C, complex reaction-time. viduals from the typical averages S and C. 

6^ f/, averages of the individual mean jB, difference bettveen C and S, 
variations. number of individuals. 

The following conclusions seem to be justified by the table : 

1. Alcoholism shortens the simple reaction -time, hysteria leaves it un- 
changed and local neuritis, multiple neuritis and locomotor ataxia 
lengthen it. (Column S.) 

2. Local neuritis slightly lengthens the additional mental processes in- 
volved in complex reaction-time, alcoholism lengthens them consider- 
ably, while locomotor ataxia, multiple neuritis, and hysteria double and 
triple the normal time. (Column.^.) 

3. The individual’s regularity is much greater than the normal in loco- 
motor ataxia and alcoholism, and much less than normal in the other 
diseases. The irregularity is specially marked in hysteria for the higher 
mental processes. (Columns C^.) 

4. Subjects with multiple neuritis, locomotor ataxia and alcoholism 
are much more distinctly marked off in respect to these tests than nor- 
mal individuals. The close agreement of the seventeen alcoholic patients 
in regard to simple reaction-time is very remarkable. (Columns Vy VJ) 

Summing up by diseases, I believe it justifiable to say that in the two 
respects of simple and complex reaction-time they are characterized as 
follows : 

1. Local neuritis : a poorly defined group with long simple reaction- 
time a:nd great irregularity. 

2. Multiple neuritis ; a very closely defined group with very long 
time for both simple reactions and more complicated mental processes ; 
also considerable irregularity in the individual. 

3. Locomotor ataxia : a very closely defined group, slow in reaction 
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and in the higher processes, but astonishingly free from individual irregu- 
larities. 

4. Alcoholism ; a very closely defined group with accelerated reac- 
tion-time and not generally retarded complex time, remarkably free from 
irregularity. 

5. Hysteria; an indefinite group, with normal simple reaction-time 
but greatly lengthened complex time, exhibiting extreme irregularity. 



RESEARCHES ON REACTION-TIME. 

BY 

E. W. Scripture. 

From time to time various problems present themselves in connection 
with the study of the time of mental processes. It has been my custom 
to assign some of these problems to special students. The work is done 
under my personal direction, and, almost without exception, I serve as 
the subject or the experimenter. 

Influence of a constant electric current through the head. 

(John L. Burnham.) 

The city supply (no volts, direct) was used as the source of current. 
One wire was led to the binding post of a graphite resistance which regu- 
lated the amount of current. This graphite regulator comprised a plate 
of ground glass sliding in a grooved frame. Lines of different thickness 
were drawn with a lead pencil on the glass. By moving the glass any one 
of these lines could be placed under the springs connected with the two 
binding posts, whereby a resistance of any desired amount could be in- 
troduced into the circuit. 

The current was made to pass througli an Edelmann milliamp^re- 
meter indicating directly the quantity of current used. The poles were 
two sponge electrodes. A commutator permitted the change in direction 
of the current and a liquid resistance rendered it possible to gradually 
apply or remove the current without shock, and without the knowledge 
of the subject. 

In all the experiments where electricity was used, the records were so 
divided that the experiments without electncity (with the electrodes still 
in place but no current on) ^ were interposed between two sets of the 
records of electricity, or else the start and finish would be made without 
electricity while the current was used for the middle records. Thus any 
lingering effect of the stimulus or any mental disturbance from the elec- 
trodes was neutralized. These experiments were conducted during the 
month of February, 1896. 

The tests for the effect of the current were : simple reaction -time and 
complex reaction-time. The shutter of the pendulum chronoscope ex- 

12 ’ 
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posed a colared disc and the subjected reacted by pressure on the knob 
at the back of the instrument^ For complex reaction-time one of two 
colors was exposed, the subject being required to react to one and not to 
the other. 

Table I. 

O F tna S d d n C d C, d n 


s. 

head 

I 

I.O 

143 

XX 

143 

(( 

If 

3 

1.0 

X46 

IS 

137 

<< 

II 

3 

1.6 




<( 

II 

3 

4.0 




B., 

It 

I 

x.o 

194 

52 

153 

(( 

11 

3 

x.o 

143 

23 

135 

<( 

II 

5 

0.2 

143 

IS 

X29 

tl 

It 

13 

i.8a 

143 

18 

X29 

It 

II 

15 

0.3 

127 

19 

X 2 X 

Sm. 

II 

5 

0.2 

X32 

X 2 

X 2 X 

T., 

•II 

2 

0.3 

X40 

8 

X40 

It 

II 

12 

1-3 

x86 

23 

x6x 

11 

11 

13 

x.o 

149 

xo 

139 

D. 

II 

1 

0.5 

136 

29 

157 

11 

II 

5 

1.2 

136 

11 

X28 

II 

II 

5 

7.0 

X42 

10 

117 

11 

11 

12 

0*3 

144 

27 

150 


Unit, thousandth of a second, 
subject of expieriment. 
date in February, X896. 
ina^ milTiamp^res. 

S, simple reaction-time without elec- 
tricity. 

.ye, simple reaction-time with electricity. 


IS 7 
7 7 




281 

49 

274 

45 

10 




• 

239 

28 

8 

34 

xo 






9 

7 






6 

xo 

312 

56 

270 

60 

5 

IS 

xo 

260 

9 

256 

25 

5 

10 

10 






x8 

10 






9 

10 






2 X 

10 

320 

34 

23s 

41 

5 

14 

xo 

287 

29 

304 

53 

5 

23 

s 

264 

66 

272 

60 

5 

XI 

S 

290 

36 

249 

54 

5 

5 

5 

279 

19 

275 

27 

5 

14 

5 

330 

54 

323 

36 

5 


C, complex reaction-time without elec- 
tricity. 

Cc, complex reaction-time with elec- 
tricity. 

dy mean variation. 

», number of experiments in each set. 


A glance at the above table will show an almost universal quickening 
of both the simple and complex times under the stimulus of the electric 
current. A general quantitative statement of the amount is not possible, 
owing to variations in the conditions of different experiments. 

It will be noticed that in the table there are some negative results widi 
the moderate currents. • Again, the effect of the electric current varies 
greatly on different people and seems also to affect the same person to 
different degrees at different times. For example, subject D., who took 7 
luilliampdres on February 5, with no hesitation, felt that he was being 


'ScRilPTURi^ Some new apparatus^ Stud. Yale Psych. I..ab., 1895 III 98. 
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hurt with less than half that amount a week later and was willing to per- 
form the experiment with only 0.3 of one milliamp^re. 

However, in viewing all the results, the few conflicting records are 
lost sight of and the conclusion seems to be clearly indicated that 
the electric current shortens both the simple reaction-time and the com- 
plex time. Beyond this, by the introspective testimony of several of the . 
subjects, there was a decided feeling of refreshment after the application 
of the electric current, the person feeling better at the close than at the 
beginning of the experiment. In only one case, where a high current 
of 9 milliampdres was used (no reliable records could.be taken), vertigo, 
double vision and {he peculiar metallic taste were noticed by the subject. 

From these experiments we might perhaps conclude, that the brain was 
directly stimulated and quickened in its processes. Nevertheless, in con- 
sideration of the unusual character of the case, we prefer at the present 
time not to go beyond the statement that for some unknown cause the 
reactions were quicker with the electrical current than without it. 

Influence of fatigue. 

The term fatigue” is used in different senses. It may mean the con- 
dition of body and mind resulting from the presence of certain toxic 
. products in the blood. This kind of fatigue may arise from the activity 
of the organism itself in mental or bodily work, or it may arise by the 
transfusion of blood from an already fatigued organism.^ 

Fatigue is also used to mean a direct deterioration in the functional 
activity of the whole organism or of some part of it. When the.^ust per- 
ceptible difference is being repeatedly measured in succession under the 
most favorable circumstances, its size may change with the progress of 
the series of records. A change toward a decreased difference, or .finer 
sensibility, is called a change due to practice a change toward an in- 
creased difference, or lesser sensibility, is called a change due to fa- 
tigue.” 

Likewise a lengthening of the tap-time or reaction-time in a steadily 
repeated series — ^all other conditions remaining, the same — ^would be 
C4lle/1 a change due to fatigue.” It would seem better to name it 
directly the fatigue in tap-time, in reaction-time, etc,,” because such 
expressions as **due to fatigue,!* ‘*due to practice,’* etc., convey the 
impression of an explanation where none is present. 

Fatigue ” is also used to indicate a complexity of sensations usually 
but not necessarily connected with toxic or functional fatigue. 

« 1 Mosso, Ueber die Gesetze der ErmUdung^ Arch. f. Physiol. (Du Bois-Keymond), 
1890, 89. 
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There are thus three different phenomena denoted by the term 
fatigue:*’ (i) a chemical change in the constitution of parts of the 
organism j (2) a diminution in functional activity; (3) a group of sensa- 
tions. These three are usually connected. Thus the connection of the 
amount of work done (and the consequently available energy for further 
work) with the change in the nerve cells has been demonstrated by 
Hodge. ^ The connection between the amount of work done and the 
sensation of fatigue is familiar to everyone. The connection between 
the sensation of fatigue and the actual exlyustion of the organism is not 
always maintained; thus, neurasthenia is treated by Cowles* as an ex- 
hausted condition of«the nervous system accompanied by anaesthesia 
for fatigue. 

In the following investigations on reaction-time no regard is paid to the 
sensation of fatigue; the problems are : (i) What .are the characteristics 
of special fatigue. ui reaction-time? (2) Are these characteristics ob- 
servable also in cases of general fatigue ? 


Special fatigue in reaction-time. 

(A. E. VON Tobel. ) 

In several different measurements closely related to those of reaction-, 
time, e. g., tap-time®, accommodation-time*, fatigue has been observed. 
This fatigue may be a fatigue in length whereby the average time be- 
comes longer, or it may be a fetigue in regularity whereby the mean varia- 
tion becomes larger. The two kinds of fatigue do not follow the same 
course; in the experiments of 'both Bliss and Moore ^the average time 
of tapping is lengthened long before any noteworthy change appears in 
the mean variation. 

In the usual experiments on reaction-time an interval of about 10® rest 
follows each experiment and longer intervals follow groups of 10 or 20 
experiments. In this way fatigue is usually avoided. If, however, the 
experiments are repeated in close succession there is no possibility of 

1 Hodge, A microscopical study of the nerve cell during electrical stimulation^ Journal 
of Morphology, 1894 IX 449. • 

> Cowles, Neurasthenia and its Mental Symptoms, Shattuck Lecture, Boston, 1891. 

. sDresslar, Some influences which affect the rapidity of voluntary movemefitSf -Am. 
Jour. Psych., 1891 IV 514. 

Bliss, Investigations in reaction-time* aitd attention^ Stud. Yale Psych. Lab., 1893 I 

4 S” 49 « • 

Moore, Studies of fatigue ^ Stud. Yale Psych. Lab., 1895 III 92. 

* Moore, Studies of fatigue^ Stud. Yale Psych. Lab., 1895 III 87. 
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t rest Series of such experiments have been made by Patrizt.* The 
stimulus occurred at intervals of 2 " and the subject was to react as quickly 
as possible each time. The same characteristics were found as in tap- 
ping and accommodation^ namely, a lengthening of the average time 
and an increase in the mean variation. 

It was determined to carry the problem further, and, in reference to 
certain observations on methods of inducing hypnotic sleep, to deter- 
mine in what particular part of the process the fatigue arose. It was 
proposed, therefore, to invest^ate the fatigue in the case of repeated 
flashes of light, and to detennme whether it is due to the muscles of ac- 
commodation and convergence, to' attention or «to both muscles and , 
attention. 

The flash was produced by a small Geissler tube, connected wifii a 
spark coil in the adjoining room. The primary circuit of the coll passed 
through a modified .Wundt contact-apparatus. ‘ This was so arranged 
that a revolving arm made contact at definite points with brass blocks 
in such a way as to illuminate the tube at regular intervals. 

The tube was placed on a table in the isolated room and the subject 
was seated before it. The room is so constructed that neither light nor 
sound can enter from the outside.^ The room was supplied with fresh 
air by a blower, operated from the floor below. 

A telegraph key in the isolated room was arranged in a circuit with a 
DEPREZ-marker which wrote on the drum of a kymograph. A subject was 
told to press the key in response to each flash ; nothing was said about re- 
moving the pressure. The pressing of the key caused a downward move- 
ment in the point of the marker and the release of the key a movement 
back to the original position. We thus have two mental phenomenar^- 
corded: the first is the reaction-time from the moment of the flash to the 
pressure on the key ; the second is the length of time during which the 
subject chooses to hold the key down. 

The experiments were continued during a long interval. Records 
were taken for a number of times at the beginning and then for a number 
of times at the end. Mr. von Tobel, a college senior, was the subject 
of the experiments. 

Aft^r a sufficient number of records had been taken, the drum 
was allowed to revolve without being moved axially; the reactions 
continued as before, but the records overlapped and were not regarded. 

iPATRizi, Lm graphique psychotnktnque ih V Archives ital. de biologic, 1894 

XXII 187, 

> Wundt, Fhysiologische Psychologie, II 424, l^ipzig, 1893. 

9 Bliss, InvestigaHom in reaction-time and attention^ Stud. YaljC Psych. Lab., 1893 1 2. 
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After the desired interval the drum was again moved axially and the rec- 
ords were separated. The reaction-times were longer and very irregular. 
The time of holding was enormously lengthened. As nothing had been 
said to the subject concerning releasing the key, it was done semi-con- 
sciously . The time of holding was sometimes so long that the subject was 
apparently not fully awake. In fact, various statements of the subject 
showed that on some occasions he had fallen into a half-dazed, condition 
resembling the first stage of passage toward hypnotic sleep. 

The further details of the apparatus were the usual ones. The drum 
was timed by the Jacquet chronometer. The records were read in hun- 
rdredths of a second \ the next decimal arising in the averages was re- 
tained. 

the first series of experiments the room was kept dark. Both eyes 
were open and relied. The appearance of the flash caused both con- 
vergence and accommodation. In the next series one eye was bandaged 
in order to reduce the convergence ; it is an easily demonstrable fact that 
the closed eye only partially performs the movement necessary fcr con- 
vergence. In a third series one eye is bandaged as before, but*a light is 
turned on in the room ; as the subject looks constantly at the tube all the 
time, the condition of accommodation is a steady one. In all three 
mses'the mental condition known as attention^' is present; in the 
third there is no noticeable muscular effort in the eyes ; in the second 
there is’ at each flash a definite change of accommodation with imperfect 
convergence and in the first there are definite acts of both accommoda- 
tion and convergence. 

Thef first record was as follows; No light in the room ; both eyes open ; 
fishes once in two seconds — 



Reaction-time. 

Mean Variation. 

Holding-time. 

At start 

195^ 

Xio* 


After 5 “ 

300 

43 

7J3 

Fatigue 

105 

32 

434 


Here we see that after five minutes, or about 150 flashes, the time of 
reaction was increased about 60%, the time of holding down the key 
was lengthened about 130%, and the irregularity was four times as great. 
The subject states: << During ^the experiment I felt a strong sense of 
contraction between the eyes. I also found that it required great effort 
to keep the attention fixed on the tube. It seemed to float around and 
move upward.’^ ; 
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Strife, 
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■exactly tbe^une 
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Reaction-time. 

Mean Variation. 


At start 

224«‘ 

w 


After lo"* 

304 

32 

M 

Fatieue 

80 

22 

674 


The reaction-time increased about 35%, the holding-time over 400%, and 
the irregularity 300%. ^'The bodily effects were much the same as be- 
fore, only more intense. Tears flowed freely from the eyes, the feeling 
of contraction between the eyes became almost painful and there was a 
sort of general lassitude and disinclination to move.” 

For the third record all conditions were the same as before, except that 
one eye was bandaged. In this set a series of record^ was taken after an 
interval of 15 minutes also. The results were as follows — 



Reaction-time. 

« Mean Variation. 

Holding-time. 

At start 

241<r 

13 ®“ 

404®* 

After 5® 

328 

33 

758 

« IC/oi 

297 

25 

859 

a 15m 

337 

34 

593 

Fatigue at 5“ 

87 

20 

3W. , 

it (( jQin 

56 

12 

455 

a it i^m 

96 

21 

189 


In this series I felt much greater effects than in any of the others and 
seemed to approach nearer a hypnotic state. There was a general feel- 
ing of fatigue all over the body, accompanied by a slight stiffness of the 
joints, also a feeling of floating off in the air or of dropping off to sleep.” 

The last set of experiments was taken with only one eye open and 
with a light in the room, thus eliminating the acts of accommodation 
and (practically) of convergence. The results were as follows ; 



Reaction-time. 

Mgan Variation. 

Holding-t 

At start 

2670’ 

24®’ 

I76cr 

After 5“ 

278 

10 

184 

« iQia 

296 

10 

652 

Fatigue at 5“ 

11 

-14 

8 

a ti jQtn 

29 

-14 

476 


The results apparently show that fatigues of attention alone produces 
— at least within the first 10“ — ^very little lengthening of reaction- 
tiipe. The increased regularity — practice /'—continues. The ten- 
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in, the'-^atly-'iiicreas^ hold&g-time'Mithe'i^ '‘r^: 

GdinparisQh of all ihe ]?e»uits seems to indicate the fbllowihjg boh^ri: 
^clusidiisi \ r; -V; 

1, The fati^e in reaction-time increases with the complexity of the 
adjustments required for perceiving the stimulus. There is least fetigue 
when only an effort of attention is involved, more when the act of 
accommodation is added and still more when the act of convergence is 
also added. 

2. The tendency of the subject to fall into a condition of daze, as 
indicated by the holding-time, depends on the fact of repetition of the 
stimulus (fatigue of attention ? ) as well as on the fatigue from the ad- 
justments. 

The application^f these results to the common methods of hypnotiz- 
ing requires no remark. 

General fatigue and reaction-time. 

(John L. Burnham.) 

Experiments on simple and complex reaction-time were made with the 
chronoscope in the manner previously described (p. 12). The morn- 
ing records were made at 8:30, just before the duties of the day began, 
i. e., just after breakfast and before the first recitation in college. The 
afternoon records were made at 5:30, after the day’s work had closed 
with a two hours session of laboratory work. The results of several 
series of experiments are given in Table II. 


Table 11. 





Morning. 




Afternoon. 


Difference. 

Subject. 

S 

d 

n 

C 

d n 

S 

d 

n 

C d 

n 

S 

c 

Smith 

119 

10 

60 

263 

38 60 

127 

16 

60 

309 34 

60 

8 

46 

V. Tobel 

146 

z6 

20 

281 

43. 20 

149 

10 

20 

281 29 

20 

3 0 

Burnham 

12S 

13 

80 

256 

29 80 

141 

15 

80 

278 27 

80 

13 

22 


Unit, thousandth of a second. G complex reaction-time. 

S, simple reaction-time.* mean variation. 


The bearing of this table of 'results is evident. The table shows an 
average lengthening of the afternoon records over those of the morning 
by 19^ in simple and 24^ in complex time. This is a loss of in 

one case and of 17% in the other. 



£. W. Scripturcy 


do 

It will be noticed that general fatigue has a very small influence On re- 
action-time as compared with special fatigiie. 

It may be interesting to add that at the end of these afternoon records 
a few records were sometimes taken under the electrical stimulus. This 
resulted in a shortening, but never enough to bring the time down to 
that of the morning. This seemed to indicate that the fatigue of the 
mind by a day’s work is greater than can be overcome by the stimulating 
action of the electrical current, at least as used in these experiments. 

Influence of tension on the reacting finger. 

(John L. Burnham.) 

The problem was suggested by the consideration t^iat there might be 
some relation between the time of reaction and the energy of reaction. > 

The first set of experiments took the form of a constant tension applied 
to the reacting finger just before and during the experiment, whereby the 
reaction involved the moving of a weight. For this purpose a set of 
pulleys was arranged with a cord running over them. At one end the 
cord passed through a tape around the index finger of the reacting hand* 
and at the other a looo^ weight was attached. When the hand was put in 
position for reacting, the weight swung free. Thus there was a tension or 
looo* on the finger at the start and the whole mass must be raised by the 
finger as it pushed the key in reacting. 

The first three records were taken on February 15 and 19, 1896. The 
results were so unexpected in various ways that the experiments were re- 
peated for the observer E. W. Scripture at a later date, April 29, 1897,. 
with the results as shown in the last record of the table. 


Table III. 


Light. Sound. 


Subject. 

R 

d. 

Rk 

d 

B 

R 

d 

A 

d 

B 

J.B. 

127 

9 

127 

6 

0 

131 

9 

123 

8 

8 

J.D. 

X20 

28 

107 

6 

13 

X08 

8 

zoz 

7 

7 

E. W. S. 

152 

26 

128 

iz 

24 

X72 

30 

136 

z6 

3 ^ 

E.'w. a 

Z27 

12 

no 

10 

17 

132 

9 

Z 22 

8 

zo< 

Wdgbted mean 

132 

19 

1x8 

8 

14 

136 

14 

Z 2 Z 

XO 

15 


Unit, thousandth of a second. 
J?, reaction without weight. 
jPjk, reaction with weight, 
shortening due to weight. 


dy mean variation. 

Each figure is the average for ten experi- 
ments. 
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The shortening of the time is evident. Another noteworthy fact is the ' 
increase in the regularity of ‘the reactions as indicated by the decrease in 
the mean variations. When errors of th^ apparatus and method are- 
eliminated, the mean variation is a mental quantity expressing the sub- 
ject’s definiteness of perception and response.^ This definiteness makes 
up a large part of the vague group of phenomena which goes under the 
name of ‘ ‘ attention. * * 

The following conclusions seem justifiable : 

1. Increased definiteness of the act to be performed shortens the time 
required to begin it. In the case of the experiments with sound the 
action of the weight lay mainly or entirely in forcing ‘‘attention” to 
the finger'to be moved. This was distinctly felt by the subject. When 
the weight was removed, the subject noticed the increased difficulty of 
attending to the n^ovement. The shortening in time was 8®" in the case 
of sound. 

2. Increased definiteness of the expectant image of the sensation 
shortens the time required for responding to it. In the experiments on 
sight the stimulus was just above the finger and any increased attention 
would include it also. It could be directly observed introspectively that 
the strain on the finger forced attention to the place just behind it where 
the signal was to appear. The decreased ease of attention when the 
weight was removed was noticed here also. 

3. The reaction-time decreases as the mental tension increases. This 
follows from the preceding conclusions. It is still more strongly brought 
out by the following facts : 

a. 'Reactions with the pendulum chronoscope are always quicker than 
with other methods. This can be seen by comparing these figures 
with those obtained (p. 17) by use of the graphic method and 
the isolated room. This fact has been repeatedly noticed on various 
persons. An example of the short time required is seen in the average 
of 179^ for 19 students (p. 10). A similar statement is true of Gilbert’s 
results with his reaction-board.* The explanation is not hard to find. 
When the subject is placed ki a quiet room away from all excitement, 

*This view, definitely advocated and explained in The New Psychology, London, 
1897, has for several years been part of my regular teaching. It is implied in the calcu- 
lations published by GiIiBERT in Stud. Yale Psych. Lab., 1894 II 77 etc., and by 
Moore in the same, 1895 m 7 ^* Definite explanations of the meanings and relations 
of what I have termed the “ individual mean variation,” and the ” statistical mean varia- 
tion” are given in the Zt. f. Psych, u. Physiol, d. Sinn., 1896 X 163 ; see also the sum- 
mary to Nadler’s article pn p. 8 above. 

s Gilbert, Researches on the mental and physical development of school-children^ Stud. 
Yale Bsych. Lab., 1894 II 78. 
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' there is nothing tor him to do but to sit at ease tiU the warning for work 
arrives, and he falls into a more or less comfortable or relaxed condition of 
mind and body which is decidedly contrasted with that experienced with 
the apparatus and experimenter at his very face. The tense condition of 
mind under such circumstances is very evident to every one who reacts at 
the chronoscope. 

The shortening of the reaction-time becomes especially marked in 
reactions to sight. The presence of the sight-shutter just above the react- 
ing finger is conducive to the strictest attention. The reactions to sound 
do not gain in a similar manner, and thus it frequently results that a 
subject’s reaction to sight is shorter than that to sound. * 

Influence of the amount of effort. 

(Gerry R. Holden.) 

The experiments with the strain on the finger, reported in the preced- 
ing section, had been planned for the purpose of solving the problem 
of the influence of the amount of effort on the time required for reacting. 
The records proved from the start just the reverse of what was expected, 
and it soon became clear that the constant strain on the finger produced 
an increase in attention which entirely overbalanced any effect of th» in- 
creased effort. 

Experiments were now planned in which there was no strain on the 
finger before the reaction and in which the subject was placed in the iso- 
lated room utterly away from the apparatus. Both factors of the increased 
attention in the previous experiments were now eliminated. " 

The reaction-key was made from a double contact telegraph key by 
lengthening the rear arm of the lever. A cord was attached to the lever 
and weights could be hooked at the end. The back contact of the key 
supported the weight until the knob was pressed. Pressure on the knob 
broke the contact, and lifted the weight at the same moment. 

The graphic method of recording by means of the multiple key was 
used,^ Pressure on the multiple key in the experiment room closed a 
sounder circuit, broke the primary circuit of a spark coil and immediately 
closed it again. A spark was thus made on the time-line of the drum at 
the moment of sending the current through the sounder, which, with a 
correction for the latent time, gives the moment of the sound in fhe 
Isolated room. The subject broke the same primary circuit and made a 
second spark on the time-line. 

1 Bliss, JnvestigaHms in reaction-time and attention^ Stud. Yale Psych. Lab., 1893 
1 loa The latest model of this key is described below among the new apparatus. 
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The subject’s finger rested upon the key with no exertion no ten- 
sion of the muscles. Experiments were made, at intervals of 15“. Each 
experiment was preceded, as usual, by a warning. An interval of about 
10“ (during which the ventilating blower drove fresh air into the room) 
was taken for rest after each set of 25 or 30 experiments. Smaller rest 
intervals occurred as the weight was changed. Practice and fatigue were 
compensated in the usual way by the order of the experiments. 

Each set of records for any one weight was preceded by experiments 
(not recorded) with the same weight in order to produce in the mind of 
the subject a definite idea -of the effort to be exerted. 


Table IV. 



lOO* 



200S 



50OK 


IOOO> 


1500* 



R 

d 

• « 

R 

d 

n 

R 

d 

n 

R 

d 

n 

R 

d 

n 

Holden 

168 

17 

47 

171 

13 

19 

191 

22 

21 

m 

12 

34 

• 166 

15 

19 

Scripture 

179 

12 

14 

232 

2 

2 

218 

35 

9 

260 

45 

7 

ao3 

19 

15 

Seashore 

165 

24 

6 
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— 

— 

— 

— 

— 

— 

— 

187 

22 

8 


Unit, thousandth of a second. mean variation. 

R, reaction-time. », number of measurements. 


The conclusion to be drawn is different from the one. expected. No 
definite relation is to be found between the amount of effort and the 
time of reaction, the results being irregular and contradictory. Careful 
observation showed the source of the irregularity. The finger being in a 
passive condition, it was necessary for the muscles and joints to do coA- 
sideralSle work before the movement began. Moreover, the soft tissues 
at the end of the finger would yield considerably befpre the key would 
move. Not only was time consequently lost, but the complicated adjust- 
ments, especially for the heavier weights, rendered the records irregular. 
Thus, although the method of obtaining the definite effort had been 
found, the method of recording the result was not adequate for the pur- 
pose for which the work was undertaken. The figures, however, prove 
one very important fact, namely, that the tension of the spring of the 
telegraph key alters the record for the reaction-time. Some definite 
standard tension must be adopted if results by different observers and 
on different occasions are to be comparable. The tension of o would 
appear to be the best for adoption. This is the case in the slide reaction 
key^ and in a telegraph key adjusted so that the back contact rests in 
place with little or np tension of the spring. 

i ScRTpTURE AND MooRE, A new reacHon-key and the time of voluntary movement^ 
Stud. Yale Psych. Lab., 1893 I 88. 
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The next step was to eliminate the effect of strain on the finger. This 
was done by*having the subject alwa3rs react with a -key* of no tension ; 
the telegraph key was used in order not to introduce any further change. 
The finger necessarily remained passive, as the key responded to the 
slightest movement. The subject reacted in alternate sets with two de- 
grees of voluntary effort. The degrees were defined as “light” and 
“ strong ; ” the intention was to make the effort correspond somewhat to 
the extremes of o and the heaviest weight in the previous set, but no 
measurements were made on the actual energy of effort. 

The results are given in Table V. 


Table V. 


Subject. 

I.ight effort. 

Strong effort, 



R 

d n 

' R 

d 

D 

Holden 

158 

10 26 

143 

8 27 

15 

Scripture 

179 

16 17 

154 

19 18 

25 

Seashore 

168 

15 9 

137 

21 6 

31 

Fisher 

626 

25 5 

375 

41 6 

241 


Unit, thousandth of a second. », number of measurements. 

reaction-time. A decrease in R for strong as compared 

di mean variation. with light effort. 

The figures. for the colored janitor, Fisher, are interesting. Having 
been accustomed for several years to serve as subject in exercises and in- 
vestigations, he is perfectly at home in the work and yet has no interest 
or concern in the experiment beyond carrying out the instructions ) these 
&cts make his record very reliable. His unusually long reaction-time 
has been observed for several years. 

The problem has thus found a definite solution ; the intensity of the 
effort affects the reaction-time, making it shorter for the greater intensity. 

Simple and cortical reaction-time. 

(Howard F. Smith,* M.D.) 

The'determination of the time of a motor response to a direct stimu- 
lation of the cerebal cortex and a comparison of this time with the sim- 
ple reaction-time of the subject would apparently lead to certain con- 
clusions concerning the relation betweeop mental and cerebral processes. 
The attempt has been made in the following manner. 

A cat was held quietly in the hands of an assistant. A double pointed 
platjlnum electrode was rested against the skin at’ a suitable point. A 
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touch, key' was rested against the same member in such a way that a 
movement would break an electric circuit. The electrode 'was connected 
with the secondary coil of an inductorium ; an interrupted current was 
sent through the primary coil. The inductorium was so connected with 
the chronoscope that the electrodes stimulated the skin as the index 
passed the zero point. The touch key was connected with the magnets 
that stop the index. Thus, when the pendulum was released, a moderately 
noticeable (but not painful) electric shock was given to the. foot or the lip, 
and the consequent reaction by withdrawing the leg or raising the head 
broke the circuit of the touch key and made a record on the chronoscope. 

. The first experiments were made on a cat weighing ^nearly three kilo- 
grams. The stimulus was applied (i) to the right fore foot with the key 
against the elbow j (2) to the right hind foot, with the key pressed 
against the heel; •(3) to the upper lip with the key on the top of the 
head. The results were (//, mean variation ; /?, number of experiments) : 
right fore foot, 96*^ = o.ooi", //= 26®', ;/ = ;); right hind foot, 

ii 6 «^(//= 38 ' « = 4)i lip, fii*" (^^=9^ «== 7)- 

The next experiments were made with a cat weighing four kilograms. 
The results were: right fore foot, 41*^ (/f =» 2®", «= 3) ; right hind 
foot, 62®" (//s=B O, aas 4) ; Hp, 62*^ (//= 8*^, « = 5). 

With the second cat we proceeded to a determination of the cortical 
reaction-time by etherizing the animal in the usual way. 

Before the operation was begun but after the etherization (surgical de- 
gree) had been effected, the experiments on sensory-motor reaction were 
■Again tried with the same intensity of stimulation. No response was re- 
ceived anywhere except from the ear, 57*^ (//= 8®, ;/ = 2). 

It is a curious fact that the muscle here involved, the Retrahens aurem^ 
is one which man has practically lost the use of. When the temporal 
muscle was. laid bare by the operation, it was found to respond, when 
stimulated directly, with a time of 63® (//= ii®, « = 3). 

The cortex was then exposed by the usual surgical procedure. The motor 
centers were found by the electrode and the key was applied in such a 
manner as to record the movements. The movements produced, how- 
ever, were not quite the same as those used for the sensory-motor re- 
action. The results were: supination of right fore leg, i84<^ (^=7®", 
«=s2).; advance of. right hind leg, 161® (//=26®, «=5s6) ; raising of 
head, 33® (</=i7®, «a=2); elevation of right side of upper lip, 37®* 
(//sd®*, «=6); closing of right eye, 61® (//=ii*^, «=3). 

We notice^ first, the remarkably quick reaction of the cat, being as quick 

1 Scripture, Some new apparaiusy Stud. Yale Psych. Lab., 1895 III..X08. 
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as 4i«’ for the right fore foot. This may be compared with that of 89*^ for 
a dog about twice as large as the cat^ ; it ia far below the time for human 
beings, which rarely falls as low as 100'. We next notice that the second 
cat, though larger, was much the quicker in each kind of reaction. In 
both cases the hind foot was 20*^ slower than the fore foot. This is 
analogous to results obtained by Cattell and Dolley for human beings.* 
Etherization destroys the reactions, presumably by cutting off the sen- 
sory half. It seems, also, that it seriously affects the motor centres, as 
the cortical reaction for the hind leg was loo"* longer even than the 
complete reaction before etherization. It would be difficult to draw any 
conclusion concerning the relative portion of the complete reaction-time^ 
which is used by the cortical reaction. Even if we assume that the corti- 
cal time is one-half of the complete time (probably by far too great a pro- 
portion), we have 33*^ X 2 = 66®^ for the head-movemenj corresponding to 
the lip stimulation with raising head, which yielded only 41*^. The dis- 
crepancy is undoubtedly due to the retardation caused by the use of ether. 

In conclusion we may point out the peculiar importance of such re- 
searches as these for physiological psychology. For experimental psy- 
chology as applied to man the simple reaction-time consists of a process 01 
sensation (perception) and one of volition. For physiology the reaction 
consists in transmission of the irritation to the brain, various processes in 
the brain and transmission of an impulse to the muscles. What is the re- 
lation between the two sets of simultaneous phenomena ? As an example 
of some of the problems that present themselves in this respect, we may 
mention thk of the character of the ‘‘motor centers’* of the cortex. 
Are they truly motor centers governing the muscles directly or are ‘they, 
rather, sensory centers from which impulses proceed to motor centers at 
lower points in the brain ? In terms of time are they connected with 
earlier or later processes in the reaction ? We may hope some day to 
answer the question by experimental means. 

Perhaps the most important bearing, however, of these experiments is to 
be found in the fact that, following Weyer’s investigation, they show the 
possibility of applying some of the psychological methods to the study of 
animals. It is the firm belief of the editor of the Studies that a quantita- 
tive science of comparative psychology can be established by the proper 
development and modification of the methods of experimental psychology. 

* Weyer, Some e^riments on the rcaction-/ime of a dcig, Stud. Yale Psych. Lab., 
1895IIJ96. • 

> Cattell AND Dolley, On reacHondintes and the vetoed of the nerv^ irnffUiset 
Memoirs of the U. S. Nat. Xcad. of Sciences, 1896 VII- 404^^ previously iummarisi^ 
in the Psych. Rev., 1894 1 159. 



INFLUENCE OF THE RATE OF CHANGE UPON THE PER 
CEPTION OF DIFFERENCES IN PRESSURE 
AND WEIGHT. 

BY 

C. E. Seashore,. Ph.D. 

Among those who have experimentally advanced our psychological 
knowledge of the effects of very slow rates of change in the stimulation 
of the senses are Heinzmann\ Fratscher*, Preyer® and Sedgwick*. 
More or less systematic investigations have been made on changes^be- 
tween the slowest perceptible and the instantaneous ones by Preyer®, 
Hall and Donaldson®, Hall and Motora^ Scripture®, Stern® and 
Stratton^. 

Research on this subject has demonstrated several general facts: (i) 
The tendency of sensation to vary with the rate of stimulation is not 
primarily a peculiarity of any particular sense, because it is determined 
by general mental factors which enter into the perception of weak stimuli 
of all the senses in a similar manner. (2) The main value of knowledge 
of the laws here obtained does not lie in the acquaintance with the func- 
tioning of the particular sense organs that they furnish, but rather in that 

1 Heinzmann, Ueber die Wirkung sehr alim4liger Aenderungen thertnischer Reize auf 
die Etf^Jindungsnerven, Archiv f. d. ges. Physiol. (Pfliiger), 1872 VI 222. 

^ Fratscher, Ueber continuirliche uttd langsame Nervcnreizung^ Jenaische Zeitschrift 
f. Naturwissenschail, 1875 IX (n. F. II) 130. 

*Preyer, Die Empfindung als Function der RHzdndemng^ Zt. f. Psych, u. Physiol, 
der Sinn., 1894 VII 24X. 

* Sedgwick, On the variation of reflex excitability in the frog induced by changes of 
temperature^ Stud, from the Biol. Lab., Johns Hopkins Univ., 1882, 385. 

« Preyer, Die Grenzen der Tonwahmehmung, Jena 1876. 

®Hall and Donaldson, sensations on the shin. Mind, 1885 X 557. 

Hall and Motora, Dermal sensitiveness to gradual pressure changes. Am. Jour. 
Psych., 1887 I 72. 

* Scripture, On the method of minimum variation. Am. Jour. Psych., 1892 IV 577 ; 
Ueber die Aenderungsempfiniflichheit, Zt. f. Psych, u. Physiol, d. Sinn., 1893 VI 472. 

•Stern, Die Wahmehmung von ffeUigkeitsver&nderungen, Zt. f. Psych, u. Physiol, 
d.'Sinn.^ 1894 VII 249 and 395 ; Di^ Wahmehmung von Bewegungen vermittelst des 
Auges, same volume p. 321, and Die Wahmehmung von Tonverdnderungen, same, 1896 
XI 1. 

Stratton, Ueber die Wahmehmung von DrUckdnderungen bei verschiedenen Ge~ 
schwindigkeiten, Phil. Stud., 1896 XII 525. 
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they become accessory means by which we may investigate the involved 
central conditions of sensational, emotional and voluntary reaction. . (3.) 
There are probably three stages of this time influence for all senses, (a) 
The threshold for the preception of instantaneous change is generally lower 
than the threshold for any gradual change, (b) A gradual change may 
be so slow that it catinot be perceived in any period during which it may 
be studied, even though the compared stimulus may be raised to several 
^ times the intensity of the standard and in some cases produce fatal re- 
sults. (c) The variation of sensitiveness in the region between these two 
extremes of change depends upon several complex central and peripheral 
conditions with reference to which it must be defined. 

The present report is upon experiments in two different senses, pres- 
sure and muscle sense, iii which gradual changes are compared with each 
othtr and with instantaneous change. The investigation was in progress 
in the Yale Psychological Laboratory from October, 1895, to February, 
1897. 

I. Effect of the rate of change upon the perception of increase 

‘ IN pressure. 

The object of this first series of experiments is to determine the law of 
sensitiveness to increase in pressure when the increase is made at various 
representative rates of gradual change. The problem requires the follow- 
ing experimental conditions: (i) an initial, standard pressure over a 
definite area ; (2) a uniform increase in this at several desired rates with- 
out any other disturbance of the original pressure; and (3) the m^s of 
varying the rate and amount of increase. After considerable preliminary 
work I found that these conditions were best fulfilled by a hydrostatic 
balance. The one used is constructed on the principle that a solid body, 
gradually immersed in a liquid, loses weight in proportion to the displace- 
ment of the liquid. It will be described in parts for convenient reference 
•in the successive series of experiments. 

Apparatus A. 

I. The graduated tube. This consists essentially of a vertical glass 
tube, continued at the lower end by a U-shaped metal tube which is 
terminated by metal nozzles. The vertioal tube has an inside diameter 
of 42”® and is 555““ long. The curved tube has an inside diameter of 
25““ and the radius of its curvature is 120®“. There is an outlet at the 
lowest point of this tube through which the water may be conducted into 
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an escape iube by openingi a pinch cock. : The free end of the U -tube <is- 
adjusted for the insertion of nozzles to regulate the stream of water which 
shall pass. These: are interchangeable brass cylinders inserted iii the 
. lower end of a rubber tube which leads from a reservoir of water; : In 
the upper part they have an inside diameter of but through the 
lower end they have a smaller bore ; the five here used vary in a series 
according to the standard drill gauge , numbers : 60, 45,* 30^ 15 and i 
with diameters of i.o““, 2.1”®, 3.3“®, 4.6®“ and 5^8™® respectively.^ 
Thus five different rates of flow may be obtained by using successive 
nozzles. The purpose of the U-tube is to. break and quiet the stream. 
The straight tube carries a graduated scale of heights. 

2. The balance. A very delicate balance is constructed of a steel rod, 
diameter 2®®, and length 410®®, with the fulcrum at the middle. It is 
supported on knife-edge bearings and braced by a diamond shaped frame- 
work of fine steel wire. Light hooks are inserted at the two extremities 
to serve as means for the attachment of parts to be balanced. 

3. The float. This is a metal tube suspended from one end of the * 
balance beam inside of the graduated tube. It . causes a displacement in 
the liquid as it is gradually immersed. It is smooth and uniform, in this 
series 8.i“® in diameter a,nd 450““ long and heavy enough to retain a 
steady vertical position in water. Its bottom ends in a tapering hard 
rubber point which reduces the friction and upward pressure of the 
stream. 

4. Stimulus rod. The float is counterbalanced on the other end of 
the balance, by a similar metal tube which carries the pressure point on 
its lower end. A tube is chosen because it gives rigidity to the pressure 
point ; it may also serve as a receptacle for weights. The point is a hard 
rubber cylinder, of 5®® diameter, whose edges are not rounded off but 
dulled by a light buffing. 

5. The graduated scale. Readings of the pressure are made on a 
millimeter scale attached to the graduated tube. The zero point of the 
scale is at the surface of the water when the Balance is in a horizontal 
position and the lower end of the float is immersed to a point just above 
the tapering end. Since the diameter of the float and the specific gravity 
of the water are known, the readings of the height of the column of water 
in millimeters are readily converted into grams of pressure as exerted by 
the pressure point. 

6. The guide lever. The float end of the balance may be fixed rigidly 
at the point of equilibrium by means of a spring lever. The place to be 
stimulated can be brought within a definite distance of the pressure point.. 
Releasing the lever releases the balance which transfers the standard 
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•weight to the point pressed at a definite time and with a regulated 
momentum. 

7. The inlet and outlet clamps. Ordinary pinch clamps are used for 
these purposes. 

In order to test the rate of flow through a nozzle it is necessary to 
apply some time-measuring instrument to the apparatus. An^ electric 
key is fitted up which makes the circuit the moment the water begins to 
flow. It consists of one of the above pinch clamps furnished with an ad- 
justable make-contact. 

8. The fountain. The water reservoir is placed three meters above 
the outlet in order to secure an approximately constant flow even when 
there is some difference between the levels at the two extremities. The 
reservoir is a shallow vessel holding 160 liters of water the surface of which 
can without inconvenience be kept within dz 50”® of constant point. A 
rubber hose of 18®® inside diameter conducts the water in a vertical 
column to the apparatus. A piece of smaller and more flexible tube is 

*used just above the nozzle where the inlet pinch clamp is applied. 

9. The hand rest. This is a special support to be used when the outer 
stirface of the index finger is to be experimented upon. It is so con- 
structed that the index finger and the thumb may rest upon a support and 
the other fingers brace themselves firmly and comfortably so as to obtain 
perfect stillness of the index finger without interfering with its circulation. 
A wooden cylinder stands on a base board and carries on its top a hard 
rubber plate 2®® thick. The thumb and index finger rest upon this plate 
and the other fingers grasp the pillar below, while the forearm and side 
of the hand rest upon the base. 

Experiments, 

The rate of change was varied in successive steps while the other ex- 
perimental factors were kept constant. Five rates' were selected such 
that the slowest was as slow as could generally be perceived upon the 
present standard and the fastest as fast as the present apparatus and 
method would admit. The other rates were taken between these two ex- 
tremes so that the increase in pressure per second upon a standard of 5^ 
by the Respective rates was as follows: o. 1 8*^, i.io*, 2.85*, 4.83^^, and 
6.63*^. The standard, or initial pressure, of 5* was applied to a circular 
area 5®® in diameter on the outer side of the middle of the third phalanx 
of the right hand index finger. The hafld support w;as so adjusted that 
the finger in position upon it came as near the stimulus point as it could 
without touching, or about 0.3®®. 

T^ie observer and the experimenter sat on opposite sides of the table 
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with an opaque screen between them. The observer occupied a comfort* 
able petition with his finger on the hand support and kept his eyes closed 
during the trials. By the signal *‘one** he was warned to be ready; 
after two ” the initial pressure was applied and about two seconds after 
this had been done ** three’* signified the beginning of the increase in 
pressure. Further instructions to the observers were as follows; *‘The 
pressure may increase and it may not ; as soon as you are sure that it has 
increased, say * up * as promptly ^ possible. Make sure that you have 
the same degree of certainty in all trials.” This standard of certainty 
was fixed by a few preliminary trials. If the observer thought that he 
had not kept the standard of certainty op had suffered any disturbance 
he was required to call at once for a repetition of the trial. No ob- 
server was allowed to see the experimenter’s side of the apparatus until all 
the experiments wf re completed. 

To estimate the distortion due to the order of sequence of the rates, 
they were taken in rotation in opposite orders by successive obser- 
vers, and the experiments were begun at different steps in the series in* 
a systematic manner. They were also taken in the double fatigue series, 

, e., half the number of trials on each point were made in going through 

the series the first time and then the rest were made by repeating it in 
the reverse order. A brief rest was made at the middle of the experi- 
ment ; the whole lasted about one hour. The results for thirteen ob- 
servers who tried this experiment are contained in Table I and are 
represented graphically in Figure i. 



The horizontal axis in this figure is marked off into parts according to the y data in 
Table I, i. e., proportional to the part of the initial stimulus by which the increase was 

made per second. . . .' 

The lowest point marked on the curve to the left is 6.35* which is the increment 
when the change is made most slowly. The same over the dotted line to the right 
indicates how far the curve must drop as the 'rate increases to the instantaneous. ^ This 
residt is ts^sf^red fix>m the third series of experiments. 
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• The law discernable in the table is this : Within the limits of the 
investigation the amount of the least perceptible increment rises ^ith the 
increase in .the rate, i. e., the faster the increase in pressure the larger is 

Table I. 
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The unit of measurement is the gram. a, number of grams of increase per sec- 

The number of measurements in each ond. 
case is m = io, of which the median ^ is time to increase one gram, in seconds, 

taken. 7, part of the initial stimulus to which the 

Initials, the observers. increase amounts per second. 

Roman numerals, the different rates. Time, the time represented by the aver- 

the increment in grams. age increment for all observers at each 

d, mean variation; to find the mean 
variation for the series divide each of these 
by l/ir=3.2. 

the size of the increment which is just perceptible. These limits in* 
elude tliose which we experience most in normal life. But, referring to 
the curve, near the two ends there must be deflections of the curve in 

1 In the present research 1 have used the median hi all the experiments with the reaction 
method ; the average has been used with other methods. This is because, by the nature 
of the experiments, the variation is larger and there are more abnormal records by the 
former method. For the account of the median and its relation to the average see 
Scripture, On mean values for direct measurements, Stud. Yale Psych, Lab., 1894 IJ I* 
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opposite directions if it is to be extended^ i. e., if extended on the left 
the curve must soon reacjii an almost vertical direction and the extension 
of the other end must bend in some way so as to eventually reach the 
point which represents the increment in instantaneous change. The law 
of such deflections must be determined by future investigation. 

The experiment was repeated three times upon one observer, M. J., at 
intervals , of two weeks, each time under similar circumstances. The 
judgments in the successive experiments were equally unbiased, except in 
so far as they were influenced by the pressure sensations. The final aver- 
ages for the three experiments are as follows : Rate I, J 2.8^, ^o. j 
Rate 11 , ^ 9.1*, d 1.6*; Rate III, A 11.3*, d 1.6*; Rate IV, A 13. i*, 
^1.2*; Rate V, A 13.7“, d 1.5*. The results indicate that the rate in- 
fluence is definite and persistent for these trials. This remarkable con- 
sistency, as well as the agreement of the thirteen observers above, can 
only be accounted for by assuming a definite time influence which corre-‘ 
spends to this variation. The general law here found has an extensive 
application to the whole sensory side of our mental experience and in- 
volves some disputed points. I will, therefore, give a brief critical esti- 
mate of the apparatus, the method and the conditions adopted. Much 
of what is here said applies, also, to the following series of experiments. 

Critical estimate, 

I. The apparatus. The only noticeable jarring of the apparatus came 
from the jarring of the building, and this disturbance was somewhat re- 
duce^ by placing the experimenting table on sand bags. Furthermore 
the above experiments were made in the evening when it was compar- 
atively quiet in the building. The variableness in the level of the 
source and the mouth, of the stream caused some degree of inaccuracy. 
The two levels were placed so far apart vertically that the necessary 
variation in the level of the mouth would not materially affect the results 
beyond the degree of accuracy here required. The time for the water to 
rise through the first 100™" of the graduation tube was to the time to rise 
through the second 100““ above the zero of the same as 38 is to 39. 
This error is negligible because it affects all rates similarly and pr^tically 
equal for proportional increments by the various rates. Since most of 
the measurements came within the limit of the first 200““ the rates 
adopted were determined emjnrically for the average of this distance. 
This determination was made to a more than sufficient degree of apcuracy 
by the graphic method of recording time. 

The adjustment of the zero point of the column of water could be 
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made with an accuracy of dz which equals about -^'of a gram by 
displacement. There is again a possible enror of d= by the same 
unit^ in the adjustment of the hand rest. Both these errors affect the 
standard pressure and can only affect the increment in an indirect way. 

. 2 . Method. The main reasons for using the reaction method here are: 
(<7) It is time-saving, which is a vital point when a long series of rec- 
ords must be taken. (^) It does not carry with it any suggestions as to 
what may be desired or expected, (r) It is easier to interpret the results 
by this method than by any other. The results attained by this method 
need to be corroborated by other methods and that will be done, but I 
must here point out some of the sources of error of the method in its 
present application. The observer reacted with a vocal sound and I, as 
experimenter, made a sight reaction to that sound. This latter reaction 
is negligible because my eye followed the reading point as a point of re- 
gard. The sensory time in the observer’s reaction should be counted to 
the record, i. e., the record should include the time fron^ the beginning 
of the physical change to the moment it was perceived as a change, but 
not the motor element in the reaction. This I tried to eliminate directly 
in each trial by means of a subjective estimate. After some practice in 
sight readings of this kind I acquired some skill in estimating equivalents 
on the scale to the amounts lost by the observer’s reaction at the various 
rates. I could hear the very beginning of the vocalization of the u in 
^^up.” But the allowance to be made had to vary with the definiteness 
with which this sound was uttered. I was aware of the common illusion 
of motion as well as of the difficulty of perceiving two simultaneous im- 
pressions in different senses. I found difficulty only in the fastei^t rate, 
but even here the possible error would be small in comparison with the 
whole records. and the corresponding mean variations. This method of 
eliminating the reaction-time is not fully satisfactory, but it is superior 
to the previous methods that have been proposed for similar purposes. 

Do we want the naive judgment of the unpracticed but skilled ob- 
server ? or the discriminative and critical judgment of the experienced 
observer who is familiar with the conditions and elementary processes 
upon which his judgment is based and gives his decision after having 
taken all known factors into consideration ? While the latter is neces- 
sary in order to make a detailed analysis of the facts, the former is neces- 
sary for the establishment of the facts. Though it involves more than 
double the labor of the other method, I have made it a characteristic of 
this research that the facts shall be obtained as they appear without 
analysis in the common experience of the scientific mind. No one of 
my observers knew what to expect and they were expressly cautioned not 
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to make any guesses with consequent conscious or unconscious correc- 
tions. 

The observer was directed to react when he could distinguish ‘‘change” 
from “ no change.” In this series I did not have any regular system qf 
control experiments, i. e., trials in which no stimulus was applied. They 
were interspersed irregularly and by them I satisfied myself in regard to 
the necessary absence of illusion. The danger of illusion was empha- 
sized in the preliminary trials. If the illusion took place then, the trial 
immediately following would show the trace of a reacting influence in 
overcautiousness and consequent missing of the standard. In such 
cases the preliminary practice was continued until the observer had 
settled upon a normal standard. 

3. Conditions of the experiment. The standard pressure may seem 
light, but it is adapted to the place experimented upon. It was advisable 
to use a light stimulus which would not produce a deadening effect upon 
the nerves under long continued pressure. A light pressure on a small 
area produces a simpler and less disturbing sensation than a heavy pres- 
sure, which is liable to produce sensations of strain in parts not directly 
stimulated. It is also important to avoid pain. 

The point upon the first finger was chosen for stimulation because it 
admits of being kept in a horizontal plane when the rest of the body is 
in a comfortable position. The place is of a good sensitiveness and free 
from hairs. 

The slowest rate here used was determined by preliminary experiments 
ir whiqh smaller floats were used. It was then found that the change 
would not be perceived at all, in the slowest rates, even when it amounted 
to four or six times the original stimulus. The pressure sensation would 
either be entirely lost or else it would continue indefinitely to seem as 
but a fraction of the standard. 6.18^ per second was found to be 
about the slowest rate per second by which the pressure might rise and 
still be perceptible every time under normal conditions. The fastest rate 
was taken within safe limits, and rates above that were reserved for a sep- 
arate test. 

II. Variation in sensitiveness to change as depending on the 

DELAY OF THE STIMULUS. 

In previous experiments with ^ight and sound^ I found that when a 
stimulus near the threshold is delayed beyond a certain time at which it 

1 Seashore, MeemiremetUs of illusions and hallucinations in normal life. Stud. Yale 
Psych. Lab., 1895 III 36, 50. • 
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may be expected^ its threshold is lowered, and, within certain limits, 
this is proportional to the delay. If this law applies to pressure, a part 
of the facts established in the first series of experiments will be explained 
by it. The application of the law of delay to this particular case was 
tested in the following manner : 

Apparatus A was used just as in the foregoing series but with only one 
rate, namely i.io^ increase per second, which is 0.22 per second of the 
standard. Counting from the end of 2* allowed for the perception of 
the original pressure, the increase was not begun until after a delay for 
the respective sets of trials as follows ; I, o*; II, 5"; III, lo*; IV, is"; 
V, 20*; and VI, 25“. In other respects the general methods and con- 
ditions were the same as in the first series. There was no suggestion by 
which the observer was led to expect the change to be felt at any definite 
time. He was not aware of the delay ; he only knew that he would feel 
a gradual change and that he should begin to look for it at the given 
signal. Nothing was stated as to when it would begin physically. He 
learned, however, from the preliminary trials that it would take different 
time-intervals for the change to become perceptible. Hence this is 
different from the cases of suggestion in which the observer is led to 
expect the stimulus at a definite moment. Here the conditions of 
expectation and general preparation were similar to those in the foregoing 
series. It is a case of suggestion that works through the variation of 
time-influence in ordinary perception. 

Table II. 


Variation in sensitiveness as resuHifig from delay of the stimulus. 




o» 

s* 

1 

xo» 

15 


20 " 

25 ' 

1 


A 

d 

A 

d 

A 

d 

A 

d 

A 

d 

A 

d 

A H. 

7.6 

31 

6.7 

2.2 

4.0 

2.0 

3-8 

2.2 

3-6 

2.0 

4-1 

1.4 

P.D. 

8-3 

3.4 

6.0 

X.6 

4.7 

0.9 

4.0 

1.6 

2.6 

1.2 

3-4 

1.4 

P.P. 

13- 2 

4.5 

51 

X .2 

5.1 

2.5 

S-8 

1-9 

3-2 

Z.2 

3-5 

0.9 

A. B. 

5-4 

1.4 

3-5 

1-3 

2.9 

0.6 

2.1 

0.7 

2.2 

0.6 

X .9 

0.4 

D. S. 

6.6 

3.8 

4-1 

2.8 

5 .* 

1-5 

•s.i 

2.x 

3-1 

2.2 

4 -* 

1.3 

J. M. 

5.8 

2.x 

4.3 

l.X 

2.9 

x.2 

2.7 

0.4 

2.7 

0.9 

2.9 

0.5 

A. S. • 

• 

2ao 

H 

17. X 

2.9 

12.9 

3:0 


4.1 

134 

4.3 

^11 

11 

Ave. 

9.6 

3-0 

6.7 

1-9 

5-4 

1.7 

SI 

1.9 

4.6 

1.8 

4.7 

1.4 


The unit of measurement is the gram. t^, the threshold increment. 

Th& number of measurements in each d, mean variation ; the mean variation 
case is ;f=zo, ofwhi<^ the median is taken, for the series is found by dividing by 

^e delay of the stimulus is indicated in n ss 3.2. 
seconds at the head of each column. 
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The trials were made in the double fatigue order. Surprise and the 
disturbance of abrupt transitions were avoided. The control trials were 
used freely in the preliminary, trials but not during the experiment. 
Table II contains a summary often trials on eaxdi point by each of seven 
observers. The figures give the medians, and the average of these is 
taken for the final summary. There is a remarkable uniformity in the 
results. The abnormal record of the last observer is accounted for by the 
fact that his hand was callous. 

The table shows that the threshold decreases, i. e., the sensitiveness 
increases, as the delay is extended. This law is most noticeable in . the 
first five or ten seconds and seems to extend only to about twenty 
seconds. 

The results may best be interpreted by means of the comparison in 
Figure 2. The short curve represents the results of the first series of ex- 



periments, showing the relation of the threshold to the time which it 
took to produce it. . The number of seconds is laid off as the abscissa 
and the number of grams as the ordinate. The longer curve shows the 
same for the present series. Within the limits of time occupied in the 
first series (17.7 sec.) the threshold of difference is lowered as the time 
increases. Beyond that limit the delay does not seem to have s^ny 
power to lessen the increment. The rate, which is actually the same in 
both cases, requires the largest increment in the series in which it oc- 
cupies an extreme point. * 

A great part of this variation may be explained by the fact that the 
longer the time the greater the expectancy will be and the summation of 
suggestive elements will be on a constant increase. The smaller signs 


38 


C. E. Seashore f 


of change come directly into the focus of attention, a greater number of 
them will be noticed and those noticed will be magnified. This implies 
that the variation of the threshold with the rate is not entirely because ' 
of the difference in impression that quick or slow rates of change make, 
but largely because of the different attitude of mental preparedness which 
is caused by different time relations. Though the observers tried to be 
equally attentive all the time there was a semi-conscious reinforcement of 
attention as time went on. When the signs of change came soon they 
had to compete with more rival sensational elements than if they came 
later. According to the conditions of the experiment there could 
scarcely be any surprise, but we may characterize the different states of 
mind by saying that in the fast rates the observer was open to conviction, 
while in the slower changes he more anxiously sought some imaged facts 
of assurance. , 

The fast rates are probably affected by contiguity with the slow, and 
likewise the reverse. The faster rates were, perhaps, at a disadvantage. 
It is probable that if the highest point in each curve had been estab- 
lished separately, without reference to any other rate, it would have 
been lower in both cases. Yet those would be entirely different condi- 
tions. If one rate, or time of change, is taken separately, the time for the 
change to be felt will be known ; it will be envisaged more definitely ; 
the attention will be sharply focused at the expected moment of change 
and no attention-energy will be scattered as above. Both conditions are 
facts of ordinary experience and it would be interesting to compare 
them. One form of the latter condition will be taken up in the next 
series of experiments. • 

Fatigue makes a light weight or pressure feel lighter. This is true 
for 5®. How does that affect those curves or their continuation? 
Does it have the effect of lessening the standard and thus making the in- 
crements proportionally greater during the time extension ? Or, does it 
work in the opposite way so that the amount of the standard, plus the 
increment, is constantly lessened, necessitating a longer time to make 
the pressure feel heavier than at first? Both are true, i. e., there is a 
certain limit at which the amount lost by fatigue is just equal to the in- 
crease at a certain rate. This point lies beyond the lower end of the 
short curve. Then the weight would feel the same ad infinitum if there 
were no fluctuations in this limit. If the change is slower, however, 
several possibilities of sensation-changesrare open, but it is not probable 
that atiy increase in pressure will be felt before pain sets in and the ex- 
periment for pressure must be discontinued, But if the rate of increase 
is faster than the rate of billing off by fatigue, the standard will actually 
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seem smaller as time is extended, as in the present series, and the incre- 
ment, which is largely detected by feelings of change, will be felt larger 
in proportion. 


III. Threshold for instantaneous increase in pressure. 

Apparatus B. 

The compound pressure balance here described was constructed pri- 
marily to serve as a means by which a standard pressure over a definite 
area might be applied and then increased at any moment without jarring 
the stimulus point or causing any disturbance except absolute increase . in 
pressure. It consists of two coordinated balances, one of which is ap- 
paratus A with the^ only exception that a tapering rubber point ( T) is 
substituted for the original pressure point. The other balance consists 
of a light steel beam 300““ long on one side of a knife-edge bearing with 
the balancing mass on the other side. The pressure point is a cylinder in- 
serted at the end of the beam which is supported from a frame by a pair 
of electro-magnets. This part of the frame is capable of minute ad- 
justment in height. The frame carries a millimeter scale parallel to the 
beam. A sliding weight on the beam carries a pointer which indicates 
the position of the weight on the scale ; the change of weight at the 
pressure point {F) is proportional to the distance over which the weight 
is from the fulcrum. A light arm projects from the rear end of the 
cylindpcal counterbalance for the purpose of affording leverage for the 
action* of pressure from the other balance. 

When the two balances are brought together, the poiht T in balance A 
is brought to bear on the leverage arm in the other balance, and can be 
removed by the guide lever (apparatus A (!) without friction or jarring. 
By this combination of the two balances we secure a pressure point 
which keeps a rigid position, a means of retaining the standard pressure 
constant, and an instantaneous change or a gradual change in pressure at 
any desired rate. 

To illustrate the case of instantaneous change, suppose that the balance 
is set with an initial pressure of 5® at P. This is supported by the elec- 
tro-magnets at a definite distance from the surface to be pressed 

upon. Then if we want to prepare to increase that by, e. g., i» after it 
has been applied, the weight on^he beam is moved from the fulcmm un- 
til the scale indicates that the movement is equal to i* at P. Then bal- 
ance A is adjusted to press with a force of i* by T. This i* counterbal- 
ances the I® just added to P and we have again the standard weight at 
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P, Opening the magnet circuit always places the standard pressure with 
the same momentum. To obtain the i* increase upon the standard the 
point T is lifted vertically by a rapid movement of the guide lever: 
(^4 The I® is of course transferred directly to the point P without any 
movement of the beam except through the extra indentation which the i* 
causes on the skin. 

I have only had time to make one of the tests for which this apparatus 
is intended. This test consisted in finding the least perceptible increase 
when the change was made instantaneously. The standard pressure and 
the area were the same as before; the general method w^ also the 
same. At a signal the observer got ready and about two seconds later 
the point /’was applied by releasing the magnets. The increase was 
made about two seconds after this. The threshold was approached in 
both directions by steps with a constant difference of 0.2^, The ob- 
server simply stated whether he perceived the change or not. Control 
trials were interspersed irregularly. The average of the complete meas- 
urements on each of seven observers is given in Table III. The figures 
denote the smallest increment above which all were perceived. 

Table III. 

Threshold of histantaneous increase in a pressure of 
J d 


A. N. 

0.26 

0.08 

M. A. 

0.34 

0.07 

J. M. 

0.34 

0.08 

G. 0 . 

0.17 

0.06 

A. S. 

0.64 

0*15 

P. D. 

0.34 

0.07 

P. P. 

0.36 

0.07 


0-35 

0.09 


The unit of measurement is the gram. d , . mean variation ; the mean variation 

The number of measurements in each for the senes can be found by dividing this 
case is »=io, of which the median is taken. by i/'n = 3.2. 

' threshold indrement. 

The main value of these results lies in that they establish one end of 
the curve in Figure i as it would terminate if continued. The curve has 
to &11 from its highest point 12.1^ to thft» point 0.35^ This suggests an 
important problem, namely, in terms of the figure, what is the shape 
of the curve which must connect these two points? This will be 
answered for somewhat different conditions in a fpllowing series of ex- 
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. jieriments. The present threshold meanwhile gives a standard in com- 
parison with which we must interpret all the previous measurements on 
gradual change. Thus, the slowest gradual increase requires a threshold 
nine times as high; and the fastest a threshold thirty-five times as high as 
die threshold for instantaneous difference. In making this comparison 

instantaneous * * must be taken in a relative sense (as it always must) 
according to the above details, and it must be remembered that these two, 
thresholds were found by different methods. 

• Psychologically the two judgments of gradual and instantaneous dif- 
ferentiation are not . only made under totally different conditions of atten- 
tion and expectation, but there is also an entirely different grouping of 
the sensations which form the basis forjhe discrimination. 

IV. Effect of the rate of change upon the perception of in- 
crease IN WEIGHT. 

Apparatus C ; Experiments. 

An apparatus is needed by means of which gradual changes in the 
weight of a lifted object can be made and measured. Apparatus C, 
which was constructed for this purpose, consists of the following parts, 
used in conjunction with apparatus A : 

. I, The weight cell. This is a polished hard-rubber cylinder with a 
diameter of 2i"‘“ and a height of 75““. Its own weight, 25®, may be 
increased to different amounts by placing weights inside. A silk cord 
hangs, from the bottom, by which weights may be attached. 

2. T'he arm support. A board base is fixed in such a position that 
the arm from the elbow may rest upon it in a horizontal position. The 
weight cell stands on this in a position to be grasped comfortably. The 
cord from the cell runs vertically through a hole in the board to the 
stimulus end of balance A. 

Apparatus C works on the same principle as apparatus A^ the only 
difference being that the weight is exerted on a lifted cell instead of a 
pressing point. To illustrate by an example, let it be desired to obtain a 
measured gradual increase on a standard of 40” weight in a cell. The 
cell itself weighs 25* and we add 15* by weight placed insidd of the 
stimulus rod, to whose top the cell is attached. Since this rod is 
counterbalanced by the float, the 15* are added to the weight of the cell 
when the observer lifts the cell} say 2““ from the base. At that point the 
standard will be reached. The water in the graduated tube is then al- 
lowed to rise at some definite rate and as the float is immersed weight is 
transferred to the cell. 
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The same general method that was used in the study of pressure was 
here applied in the study of the so-called muscle sense, the word being 
used in its widest significance as including all the sensations by means of 
which we estimate lifted weight. The aim was to determine whether 
there is any law for muscle sense that corresponds to the law of rate 
influence that we have found for pressure, and, if so, to observe some 
of the relations between the two. 


Table IV. 


Least perceptible increase in a lifted weight of forty grams at different rates. 



I 


II 


III 



a 

0.18 


l.IO 


6.63 



P 

5-55 


0.91 


OvJS 



y 

0.005 

0.028 

0.166 



J 

d 

A 

d 

A 

d 

e 

J. L. 

3-3 

1. 1 

11.5 

4.0 

20.3 

2.x 

0 

V. s. 

1-7 

0.4 

6.1 

1.8 

9-7 

5.0 

0 

M. M. 

5-3 

1*4 

xx.o 

2.4 

x8.o 

4.4 

0 

J.P. 

12.0 

5-4 

X4.9 

4.0 

2X.9 

4.9 

0 

W. J. 

2.4 

I.O 

6.6 

1.5 

14.8 

4.9 

43 

A. S. 

4.0 

1-3 

X 2 .X 

3-6 

17.5 

2.4 

43 

F. K. 

3.9 

0-5 

X 2.4 

2.6 

17.x 

5.3 

0 

E.J. 

6.0 

2.3 

138 

4.9 

135 

4.9 

0 

C. C. 

4.0 

2.4 

7.3 

3-4 


4.2 

0 

Average, 

4-7 

1.8 

X0.6 

31 

16.3 

4.2 


Time, 

26. !■ 


9 . 6 * 


2 . 5 - 




The unit of measurement is the gram. 
The number of measurements in each 
case is » =io, of which the median is taken. 
I, II, III, rates of increase, 
a, number of grams of increase per sec- 
ond. 

P, time to increase l>. - 


7, increase per second as a fraction of 
the initial stimulus. 

threshold increment. 

d, mean variation; to find the mean varia- 
tion for the series divide by 3.2. 

e, percentage of the control trials in 
which illusions occurred. 


The standard was taken as 40 ^, because that weight in the given cell 
is favorable for a distinct feeling of weight and does not cause noticeable 
fatigue lawry-TOon. Only three jales were employed and these were the 
same as I, II and V in the first series; they gave an increase of 0.18% 
i.io* and 6.63* per second, respectively. 

The observer shut his eyes and grasped the cell at the middle between 
the thumb and the first two fingers in such away that when he had raised 
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the cell 2"" from the base the side of the hand and the little finger rested 
on the base by their full length and the cell was held upright. The posi- 
tion was comfortable and could easily be retained for the required time. 
The observer grasped the cell as lightly as possible. As soon as the cor- 
rect position had been secured the signal was given which meant diat 
except in the control trials the ph3nsical change would begin in two 
seconds. The reaction was made by saying ‘'up'* and the results were 
read as before. Nine persons made the complete experiment, which 
consisted of ten trials on each rate, exclusive of the control trials. The 
summary is contained in Table IV. 

From one to five control trials were interspersed with each ten regular 
trials. The column giving the percentage of these trials which resulted in 
illusions gives an index to the reliability of the discrimination. All but 
two are perfectly reliable in that they have chosen the standard threshold 
so high that there is no danger of confusion. The high percentage of 
errors for the two must, however, not be interpreted to mean that such a 
.percentage of the total number of trials may be considered as illusior s, for in 
each case there were thirty trials in which the regular change was made 
and only seven in which the stimulus was withheld. All three illusions 
out of the five possible were in rate I for W. J., and for A.S. two out of 
four possible were in rate I and one out of two possible in rate II. The 
value of these percentages depends upon the relation between the number 
of control trials to the number of regular trials as well as upon the degree 
to which a trial with no sensation of change was expected. The effect of 
the rate influence is as marked for these observers as for the others and 
theirmean variation is not excessive. This argues that, since they had 
nothing but the direct sensation to judge by, the real Aligns of change must 
have been present in a much larger proportion of trials than the above 
percentages would indicate. The error cannot be explained as due to 
the ordinary premature automatic reaction, for then the mean variation 
should have been much larger. 

The figures in the table express the law that, for the three rates inyesti- 
gatedi the threshold of perceptible increase in lifted weights is higher in 
fast rates than in slow rates. This accords with the law we found for 
pressure. The relation of the two will be discussed later. 

V. Threshold for instantaneous increase in weight. 

■ t 

Apparatus D : Experiments. 

This problem requires an apparatus by which the standard weight of 
a body may be incre^d instantaneously without causing any other dis* 
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turbance. This was accomplished by a compound weight balance. The 
cell (Cj) and the arm rest (C*,) are used as in the foregoing series. A 
weight-pan is suspended by a silk cord, branching out from the center of 
the bottom of the cell, 400““ below it. Midway between the cell and 
the weight-pan there is a light fibre balance beam 140”*”^ long with its 
fulcrum at the middle. It is adjusted with one extremity perpendicular 
over the pan and attached to it by a cord which passes between the 
branching cords and is so fastened to the pan that changing the support 
of the pan from this cord to the branching cords, or the reverse, will not 
cause the pan to shake. At the other end a hook is suspended by a 
cord 200““ long. Upon this a series of gram weights was fitted to be 
hooked firmly. The hook is light and makes the weights conven- 
iently interchangeable. At first the instantaneous increase was made by 
means of a weight acting over a pulley by a cord from the hook end of 
the balance beam. This weight was allowed to drop 100““ with the 
cord slackened 90““ ; thus the hook end of the balance would be ele- 
vated io”“ at a definable rate. But the present method required that the^* 
change should be made noiselessly ; therefore at the risk of some irregu- 
larity, I simply raised the weight by pulling a cord perpendicularly from 
the hook as quickly as possible. 

The plan of the apparatus may be explained better by an example. 
Suppose we want to get an increase of i* on 40* lifted by the cell. The 
cell weighs 25^ and enough weight is added to the pan to make it weigh 
15*. Since the 15* are supported by the cell its total weight is 40*. We 
then place the increment in the pan and counterbalance it by on 
the hook (including the weight of the hook); the two weights on the' bal- 
ance, therefore, do not act upon the weight of the cell. The observer 
grasps the cell and lifts it 2”"° ; this makes the balance beam stand in a 
horizontal position. The grasp is made in such a manner that the whole 
aide of the hand rests upon the support in a position that can easily be 
retained during a prolonged experiment He is then lifting the standard 
weight, but when the hook-weight is raised suddenly its counterbalance 
is transferred to the support of the pan without any movement ot the 
balance beam. I was able to elevate the hook-weight as quickly as it 
would start to fall by its own gravity, or faster ; therefore, the increment 
was transferred to the new support at the rate that it would assume by its 
own weight when beginning to fall, i. e., the increase was made by simply 
releasing the support of the required amount without imparting motion 
to the st^dard weight. By this method any instantaneous increase may 
be made without impact. It is evident that by reversing the action of 
he balance a decrease in weight may be made equally well. 
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. This series of experiments was made on the same observers as the 
fourth seri^, and under similar circumstances, in order that the two sets- 
of results might be comparable. They were made during the. same 
period, this experiment being made alternately before and after the other. 
The point to be determined here was the threshold for the perceptiofi of 
a so-called instantaneous increase in the weight of a body lifted by the 
rested hand. A form of the method of minimum variation was employed. 
The steps varied by one gram each and were taken alternately ascending 
and descending the series. In ascending, the steps of change were con- 
tinued until the observer had perceived the increment correctly three 
times in succession ; and, in descending, the series of steps was begun with 
the highest one of the ascending series or by one above it if this series- 
was low. At a signal the observer lifted the cell to the 2““ limit and as. 
soon as steadiness was attained in this position another signal warned him 
to watch for an increase, to which he should react by saying ^‘up’* at 
the moment he perceived it. The change was made from two to six 
.seconds after this signal. The observer’s ability to react just at the right 
time was considered a criterion for his certainty and accuracy. The- 
time of making the change was varied irregularly within this region of four 
seconds. If he reacted perceptibly before or after the change, due al- 
lowance for the reaction-time being made, the fact was recorded as an 
error or illusion. Of course, failure to react indicated that the stimulus 
was below the threshold. This time-criterion was chosen in preference 
to the method of control trials in order to make the experiment short. 
Instead of concentrating the attention on the moment two seconds after 
the signal, it here had to be scattered over a time of four seconds. This,, 
presumably, tended to raise the threshold. Upon a d(:^hnite inquiry each 
observer testified that he had not perceived any suggestion as to. the 
moment of change except by direct feeling of change in weight. 

The results are contained in Table V ; the initials of the observers will 
aid in the comparison of the individual records here with those in Table 
IV. 

The A value marks an arbitrary limit. With careful observers it may 
be considered a pretty safe limit, denoting the point above which we may 
expect to find all increments perceptible under similar conditions. The* 

A value must be interpreted with reference to the mean variations and 
the figures in the first sections of the table. According to the table 4.7* 
would be perceptible about se^n times out of ten, or 70 per cent, of the ' 
trials. This percentage is brought down so low because it is an -average 
for different observers and not for successive trials on the same observer. 
The last column gives the number of times each observer reacted wrongly. 
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In comparing this. and the preceding table we notice the striking co- 
incidence that the threshold for instantaneous change is the same as the 
threshold for the slowest gradual change. Between those two points the 
curve changes to nearly four times that height (see Figure 3). Here the 
relation between the instantaneous and the very slow increments is very 
different from the corresponding relations for pressure, where the instan- 
taneous increment is only about one-ninth of the slowest. 

Table V. 

Threshold of instantaneous increase in a lifted weight of 408, 



1« 

2> 

3* 

4* 

5* 

6* 

7* 

J 

d 

e 

J. L. 

I 

4 

6 

4 

8 

zo 


4.6 

z.z 

z 

V. s. 

0 

0 

6 

8 

zo 



3-6 

0.7 

0 

M. M. 

0 

0 

I 

7 

zo 



4.2 

0.4 

0 

jp. 

0 

0 

0 

2 

4 

zo 


S-6 

0.5 

0 

W. J. 

. z 

7 

5 

9 

zo 



3-4 

0.8 

3 

A. S. 

0 

0 

0 

2 

6 

5 

zo 

6.2 

0.8 

2 

F. K. 

0 

0 

z 

2 

9 

zo 


4.9 

0.4 

0 

E. J. 

0 

0 

0 

3 

8 

zo 


5.0 

0.4 

0 

c. c. 

1 

2 

z 

4 

8 

zo 


4.9 

21 

5 


0.3 

1.4 

2.2 

4.6 

Tz . 

9-4 

ZO.O 

4.7 

0.6 



The unit of measurement is the gram. J, the average increment above which 

The number of complete determinations the next two are correctly perceived, hence 
of the threshold for each observer \sn = 10. the threshold. 

The increments are denoted by the num- d, mean variation ; the mean variation 
bers at the heads of the columns. for the series is found by dividing each of 

The numbers below these show how these by i/’JT = 3.2. 

many times, out of ten possible, each was e, total number of errors. •< 

perceived. 

Experiments were made upon six observers to study the effect of delay 
of the stimulus. Instead of devoting a special section to them I will 
make a brief statement here. 

Using the identical apparatus described above, I found how the 
threshold varied if the stimulus was withheld after the signal for the 
number of seconds that the averages in series IV indicate, namely, 2.5", 
9. 6* and 26.1“, i. e., the time it required to perceive the change at 
the three rates of gradual increase. Ten trials were made on each of 
the four increments : 3*, 4*, 5* and 6*. The results may be stated in a 
general way in terms of the percentage of those increments which were 
perceived. These are: for 2.5", 63% ; for 9.6', 69% ; and for 26.1“, 
67%. The difference is not large enough to indicate any tendency to- 
ward a systematic variation. 

The elements of fatigue and distribution of attention spoken of in the 
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second series seem to counterbalance each other here. Thus after the 
26.1* delay the standard seems lighter on account of the fatigue ; but an 
instantaneous increase at that point will not be affected by fatigue^ and 
will, therefore, appear larger in proportion to the standard at thsX point 
than at any previous point. On the other hand, at the end of 2.5* thfire 
is no noticeable effect of fatigue, but the attention is not yet so strongly 
focused. 

The present experiments should be compared with those in series II. 
Here the change was instantaneous, there gradual. The difference in the 
results points to the fact that the methods of perceiving change are en- 
tirely different in the two cases. 

VI. Verification of series I and IV. 

To increase the data found in series IV and to verify the law expressed 
in'the results of series I and IV by means of a different method, the latter 
series of experiments was repeated by a form of the method of mini- 
mum variation. The only alteration necessary in apparatus C .was to 
insert a scale reading in grams instead of the millimeter scale on the 
graduated tube. The steps of increase in the experiment differed by 
two grams each, running from 2* to 20*. 

I tried different steps at random and considered a determination com- 
plete when I had found at least three consecutive steps in which the in- 
crement had been correctly perceived and all the steps below this had 
been tried. I was fully aware of the influence this procedure has upon 
ihe nilfean variation, but it secured a good distribution of attention and 
served as a sort of control method in that the observer had no means of 
knowing whether the increment should be a large or a small one as he 
would if the threshold had been approached by steps taken in regular 
order. If in the large steps the observer was sure that he felt an increase 
before the full amount had been reached, he was allowed to signify this 
in order to save time, but such a reaction was recorded as if only the 
. whole increment had been perceived. No steps higher than 20* were 
tried. Five complete determinations were made for each rate by each 
observer. • 

At the signal the observer lifted the 40* cell to the standard position, 
and at another signal he began to watch for an increase in weight which 
began two seconds later except Jn the control trials. A final signal was 
given at the, end of the increment and upon this the observer had to reply 
immediately by one of three answers, namely: change,*’ no change,” 
or uncertain.” 
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The method of manipulating the apparatus may be understood from the 
explanation in series IV ; the main difference was that here definite 
amounts of increase were produced and the observer stated whether he 
perceived them or not, while there the change continued until he reacted. 

*The possible inaccuracy in reaching the exact increment in the fastest 
late was d= 0.2”. If a larger error than that was made the trial was re* 
peated. The variation by unsteadiness of the observer’s hand may intro* 
duce a possible error of =b o. 2 ^. These are the only two marked sources 
of error. The first affects only the fastest rate. 

The results for the observers are contained in Table VI. The first part 
of the table shows the numbers of R (change perceived) and U (uncer- 
tain) answers that were given out of five trials on each increment. At 
the right hand end of each line I have omitted all but the first 5 ” 
when this is the first of three successive fives. The R and the U trials 
are recorded separately and the reader may distribute the U trials as he 
thinks best. A general expression of the results may be gotten by a 
study of the R trials alone. 
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The unit of measurement is the gram.^ 
Number of trials on each point, n = 10. 
Roman numerals give the rates : 

I, 0.18s per sec. 

II, 1. 10* “ « 

III, 6.63s « 

R, number of times the reply “ change '' 
was given in five trials. 

U, number of times the reply ** uncer- 
tain ” was given in five trials. 
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7.6 

1.9 

10.0 

2.4 

16.8 


6.4 

1.9 

8.4 

2.4 

12.0 

3-2 

6.4 

2.2 
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2.0 

and R + U 
replies “no 


change.” 

The numbers at the head of the cofumns 
denote the increments. 

J, the threshold above which it is prob- * 
able that all increments would be pmeived. 

dy mean variation of J ; to find the mean 
variation for the series divide by t/IT = 
2.2. 




.'16 91 


‘A, Results in Table IV. cr^se per second, or, which is.the same, 

B, ]^esults in Table VII, to the part per second of the initial stimulus 

C, Results in Table VI. by which the change was made. The in- 

The horizontal axis is divided into parts crements are laid off in grams as ordinates. 

proportioned to the number of grams of in- 
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and difficulty of this discrimination and the lack of practice. Bearing 
in mind the differences in the conditions of these experiments and those 

Table VII. 

J^ive experiments m the author under conditions similar to those in the preceding taple. 




D 




4 * 

6* 


IC« 

128 

148 

168 

188 

A 

d. 

I. 

fR 

• I 

2 

4 

5 





5.6 

0.8 


Lu 

I 

2 

I 








II 

fR 




3 

4 

5 



Z0.8 

X -7 

Lu 

1 


4 

I 

1 






IIIh 





1 

3 

5 

I 

5 

15.6 

1.8 


Lu 



I 

1 

I 

0 

2 





rR 

I 

3 

5 

4 

4 

5 



8.0 

2.4 

1 

Lu 

I 



1 








rR 



I 

2 

3 

5 



11.6 

1.4 

Lu 


I 

3 

2 








rR 





2 

3 

5 


14.4 

1.7 


Lu 


I 

3 

3 

3 

2 






rR 


4 

5 






6.4 

0.6 

1 

Lu 

4 

z 










rR 



3 

5 





8.8 

1.0 

Lu 

I 

2 

1 








m] 

rR 



2 

2 

5 




ZI.6 

2.0 

1 

Lu 



2 

2 







U 

rR 

I 

4 

4 

5 





6.0 

0.4 

1 

Lu 

2 

1 










rR 



3 

5 





8.8 

I.O 

Lu 


2 

I 


- 







rR 


I 

3 

4 

5 




9.2 

i;8 

I* 1 

Lu 












fR 

3 

4 

4 

5 




• 

5.6 

1.9 

1 

Lu 

I 

I 

I 









fR 


5 

' 




- 


6.0 

0.0 

Lu 

I 










in-l 

fR 



3 

5 





8.8 

I.O 

1 

Lu 


I 









f I 


24 

68 

88 

96 

96 

100 



6.3 

0.7 

n 



12 

8o 

88 

100 




9.2 

1.6 

1 III 



4 

32 

72 

80 

92 

84 

100 

11.9 

2-5 


Capitals denote the successive experi- 
ments. 


Other notation samQ as in Tal^le*Vl. 


in series IV we may obtain some general conclusions from this com- 
parison: 

I. The law of the relation of the increment to the rate of increase es- 
tablished by the previous method in series 1 and IV is supported and 
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proved beyond the possibility of a doubt. This applies to series I only 
indirectly, but the general agreement between the facts and conditions 
of series 1 and series IV justifies the deduction in regard to the quali^ 
tative statement of the law. 

2. The slowest rate requires the same increment, within o.i*, by this 
as by the previous method. By the present method the other two rates 
require smaller increments, somewhat in proportion to the rates. 

3. The proportional differences by the two methods do not point to 
any notable error in the previous method, but are a good expression for 
the difference in the mental attitude in the two methods. 

The foregoing experiment was repeated five times upon the writer dur« 
ing as many successive days. The conditions differ in that I knew just 
what was going on physically except in one respect, namely, that 1 did 
not know whether the trial would be a regular or a control trial. In this 
series I do not record the result of the control trials because I set my 
standard so high that I made practically no error. The following con- 
clusions may be drawn from the summary in Table VII. , 

1. The general direction of the rate-influence is the same as that 

found for the other observers. • 

2. There is a noticeable decrease in the rate-influence for the fastest 
rate during the progress of the experiment. 

3. A reasonable expression for the difference in mental attitude due to 
my knowledge of the rate of change is found in the amount by which my 
threshold differs from that of the other observers. 


VII. Effect of the rate of change upon the perception of very 

RAPID INCREASE IN WEIGHT. 

Apparatus JS. 

Very rapid rates of change being desired here, it was necessary to use 
a float of larger diameter, or nozzles allowing a more rapid stream to flow,, 
than had hitherto been used. The former alternative was adopted, but 
with this alternative a change in the mechanism of the rest of the appa- 
ratus also became necessary. Apparatus C required that the operator 
should stop the increase when it had reached the desired height. The 
rates of change approaching the instantaneous, here required, could only 
be obtained by an automatic determination of the amount of increase by 
the apparatus itself. This was accomplished as follows ; 

Apparatus C was used in all its parts except three, namely : the float, 
the connection between the cell and the beam, and the rod which counter^ 
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balanced the float. A light steel tube of 25“® diameter was used fora float. 
The connection with the cell was reestablished in the following manner. 
A balance beam E of the same dimensions as the balance beam A is 
placed immediately above A and parallel to it. We may name the 
float end of the original beam Af and the corresponding end of the upper 
beam Ef and the other ends respectively Aw and Ew, Ef is vertically 
over Af2xA they are joined by two loops of fine wire which interlock at 
the middle in such a way that when the tension is released and AfdxA 
^approach each other the loops cause no friction and allow no spring or 
elasticity; the lower is fixed in an upright position and the upper falls 
vertically by its own weight. Now, following the same principle as in 
apparatus the standard weight is maintained by means of the com- 
pound balance action. The cell i's attached to Ew and from the same 
point a balance pan (pan E') is suspended 400“® below. In place of the 
rod at Aw another scale-pan (pan A) is suspended at the same distance 
as pan E, When the weight in pan E is equal to the weight of the float 
at zero the twg beams stand in a horizontal position and the locps be- 
tween Af and Ef are just on the point of making contact. A is bal- 
anced and exerts *no influence on E^ and E is balanced and exerts no 
influence upon the cell which, when lifted, has its own weight plus the 
weight of pan E, If the weight in pan A be diminished Af will pull on 
Ef by that amount and this will in turn lift at Ew\ which lessens the 
weight of the cell by the same amount. 

The balancing of the apparatus depends upon the position of the cell 
when lifted. A special support for the cell regulates this. It consists of 
a trap on top of the arm support ( CJ. This is essentially a slat with 
one end hinged to the rear end of the arm support,* Its front end is 
held up against an adjustable catch by a weight acting through a cord 
over a pulley. This cell is placed on the front end of this slat in the 
same lateral position as before, but it is supported at the standard height 
to which it should be lifted. When the cell is grasped it is held in the 
same comfortable position. The experimenter elevates the weight which 
supports the trap, the trap falls and leaves the cell supported by the 
hand in a definite position. 

Let me further explain , the apparatus by an illustration of bow it 
works. Suppose I desire to produce a measured increase of 2* on a 
standard of 40* at a very rapid rate. The cell itself weighs 25* and 
a weight is placed in pan E^ so«that the total weight of the cell when 
held in position, after the trap is dropped, will be 40*. Both beams 
are balanced in a horizontal position and exert no influence on the 
cell. Then we take off 2« from pan A, This makes Af pull on Ef 
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by 2^ and this in turn lifts the pan E by 2^ reducing the standard to 
38*. This we correct by adding 2* to pan and again obtain our 
standard, 40*. But now pan E is lifting 2* at Ef and the same amount 
at Ew; if we then gradually restore the balance of A by immersing 
the float, ^ being stationary, the amount lifted at Ew will decrease 
until the zero point is reached and the contact between Af and Ef is 
broken. The contact is broken at the moment 2^ have been added tO' 
the weight of the cell making it 42^. The rule determining the size of 
the increment is that the desired weight must be removed from pan A 
and placed in pan E, The rate of increase is determined by the size 
of the stream of water as before. 

The above is an entirely satisfactory solution of the problem of how 
to produce quick and accurate changes of weight in a given standard 
without movement or jarring of the body lifted. The adjustment to the 
zero point may permit a possible error of =t The trap holds the cell 
in the correct position, and, after a brief practice, the observer can retain 
this approximately, but for accidental movements of the hand there may 
be an error of within db There could be no other inaccuracy in the 

size of the increments, since they were made by actual interchange of 
gram weights. 

The rates were titned by the graphic method of recording time. The 
recording pointer was placed in circuit with a means of making the cir- 
cuit at the beginning of the increment and breaking it at the completion. 
The electric clamp key was used as in series I to make the circuit 
the moment the stream was let on. A platinum contact was built up 
at Af such that Af rested upon it and kept the circuit closed as long as 
Af was heavier than Aw, The moment the beam A passed through its 
point of balance and the tension on the interlocking loops was released, 
Af left its contact and the electric current was interrupted. 

I first measured the time of all the increments (the steps in the series 
differed by 2* each) from 2* to 20* on one rate to find if the changes were 
uniform. This rate made the change at the rate of i* in 0.12". 
Taking the time to increase 20^ as a standard, and calculating the theo- 
retical time for each increment, I found that the empirical results 
deviated from the theoretical only by an irregular fluctuation no larger 
than might be allowed for the error of measurement, i. e., there was no 
systematic error large enough to demand consideration here, and the in- 
crease may be considered as practically<Constant. Having found this 1 
timed all the rate for the step of 2o», and divided that up proportionately 
for the other steps. The rates adopted and measured in this manner are 
as follows : 
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I. 

II. 

III. 

IV. V. 

a 4.54 

8-33 

33-33 

50.00 66.66 

p 0.22 

0.12 

0.03 

0.02 0.015 

7 O.II 

0.21 

0.83 

1.21 1.54 

Here 

a denotes the 

number of grams of increase per second, the 

number of seconds to 

increase one gram. 

and 7 the part of the initial 


stimulus per second. 

Experiments. 

The fastest rate hitherto used required the largest increment. Refer- 
ring to the curves in Figure 3, what is the highest limit for these if they 
be continued to the left, and what form will they assume in returning to 
the low point that marks the instantaneous increase ? This is the question 
I have tried to answer by the present series of experiments. 

The quoted rates are within the limits of sufficiently accurate measure- 
ment by the present apparatus. The slowest connects with the fastest of 
the previous and the fastest approaches the instantaneous. 

The method of minimum variation was here used somewhat differently 
from the previous manner. The threshold was detennined five times for 
each rate as follows : the increments differed by 2* each, but, in order to 
save time, five trials on each step wgre made in succession. A number 
of steps in the middle region were tried until a block of records was ob- 
tained in which the change had been perceived correctly every time in 
^he largest of the increments tried and no time in the smallest. The few 
exceptions to this rule may be seen in the records from the fact that the 
highest number is less than five in those cases. • 

The observer was given a choice of two answers only, namely, 
‘^Change” or ‘'No change.*’ The merits and demerits of that limita- 
tion are well known. At a signal the. observer grasped the cell with the 
hand in position to rest firmly. At a second signal the trap fell and he 
was to look for the differentiation which might begin about two seconds 
afterwards. He was required to give his answer as soon as the increment 
was completed. * 

The results for six observers are contained in Table VIII. '^Fhe left 
hand section of the table shows the number of perceived changes out of 
five possible for each step. There the variation of any single increment 
may be traced for each obsarver. All but the first of the succes- 
sive “5s” are omitted, and all increments above this are couilted as 
perceptible in the respective single determinations of the threshold. A 
is found as before by taking the average of the single thresholds above 
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Roman numerals, rates of change. d, mean variation : to find the mean 

R^^ures at the top, increments in grams, variation for the series divide each by 
e, the numerator gives the number of er- 2.2.* 
rorsglhal were made in the number of con- The average is stated as the percentage 
trol trials denoted by the denominator. of the possible number of correct answda* 
J,”threshold. 
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which all increments were perceived, on the supposition that, when an in- 
crement had been perceived every time, all steps above that would 
also be perceived. The assumption is quite valid, for the*steps are larger 
and the successive steps would be taken under similar conditions with ref- 
erence to the larger fluctuations in sensibility. The value of this threl&h- 
old must also be estimated by its mean variation and by a comparison 
with the distribution of the figures in the first part of the table. 



Fig. 4. 


JF, Results in Table VIII, p. 56. B, Highest point in Figure 3. 

Results in Table IX, p. 58. The horizontal axis is divided on a scale 

/, Results in Table V, p. 46. 20 times as large as in Figure 3. t 

Highest point in Figure 3, p. 50. 

The number of experiments is too small to afibrd a detailed expression 
of the law of variation, but it i% evident that we have found the maximum 
or turning point in the size of increments. The results as expressed in 
curve jS, Figure 4, show the gradual return to the point of instantaneous 
increase. This curve shows their relation to the point /denoting instan- 
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taneous increase and the point A denoting the highest point in curve A, 
Figure 3, i. e. , the threshold for the rate of i* in o. i s*. The object of these 
experiments is 'to trace the connection between ET and /. Since theiri 
relative distance is very much magnified in Figure 4, the scale in this 
figure should be compared with the scale in Figure 3. 

The above experiment was repeated four times upon the writer, as far 
as possible under similar conditions. The results are expressed in Table 
IX and curve Z>, Figure 4. 
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Notation same as in Table VIII. 

TBese results agree with the foregoing in that they show that the 
threshold's lowered as 'the point of instantaneous increase is approached. 

In comparing the superposed curves in d^igures 3 and 4 it must be re- 
membered that there are important differences in the conditions upon 
which the results in each curve are based. Therefore, the comparison 
must not be one of absolute units, but of general directions and tenden- 
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cies. Thus, in Figure 3, the curves descend in a decided manner towards 
the right, and in Figure 4 they descend toward the left, though not with as 
great regularity. The curves in these two figures may be*joined together 
and then they will express the general law stated in the next paragraph., 

VIII. Some observations and conclusions. 

The various conclusions in regard to the influence of the rate of change 
upon the threshold of change for pressure and muscle sense made under 
the conditions adopted in the above experiments may be generalized as 
follows : the threshold for. the perception of difference in pressure and 
lifted weight rises rapidly from the threshold of instantaneous change 
and soon reaches a maximum from which it falls off gradually until the 
slowest rate at which the change can be perceived at all has been reached. 

This is not an absolute law, but it is a well defined tendency. Its 
value depends largely upon the conformity of the above conditions 
of experiment to the normal conditions of our every-day experience. I 
have hoped to obtain the facts undistorted by using the so-called ''un- 
conscious” method and making the results partially statistical. I am 
not going to enter into any polemic with those who have found contra- 
dictory results (mainly Stratton), for, like other factors in our percep- 
tion, the rate influence depends upon its relation to a number of unknown 
subjective and objective conditions which determine its nature and effect. 
The subject has just been opened for experiment. 

Any law expressing the influence of the rate of change upon the per- 
ception of difference in sensory stimuli must be stated particularly with 
refeifence to the following among other factors : 

1. The special sense organ. The law, deriwd from the above 

experiments, is indicative of relations that we find to obtain in other 
senses. Thus, there is a general agreement between these results 
and those found by Scripture and Stern on sight and by the same 
authors on sound (see references, p. 27), but there are important dif- 
ferences depending upon the functioning of the particular sense organs. 
The above may be made a general law of sensation, but it has definable 
peculiarities for each sense. Compare, e- g., Stern* s results on sight 
and sound or mine on pressure and weight. • 

2, The kind of threshold. The rate influence has mainly been sfudied 
in the threshold of change. It is equally important and may be just as 
well studied in other thresholds, e. g., the threshold of sensation. I have 
made some experiments upon the least perceptible touch as depending 
upon the rate of impact of the stimulus. These experiments were made 
with a modified form of apparatus A. The rate influence was here more 
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marked than that for the threshold of difference in pressure^^ i. e., the 
largest stimulus was required near the instantaneous rate, which was much 
lower than for any gradual stimulus. At very slow rates the perc^tion be- 
•came very uncertain. Thus, I found it possible to apply a pressure of 
4* 6ver an area only in diameter upon a finger without the observer 
being able to detect it. I have made similar observations on the thresh^ 
olds of sight and sound and on the thresholds of sensation, disagreeable- 
ness, and pain under electrical stimulation. These last experiments 
were made by an ordinary slide inductorium and a pair of electrodes. 
In such experiments the psychological method promises to be of great 
value for the study of the development of sesthetical ideas and tastes 
as depending upon the rate at which the sensory impressions are made, 
•e. g., in approaching the threshold of pleasure or pain. And, what is 
mainly of theoretical interest in psychology has a very extensive practical 
interest for education. 

Hall and Donaldson and Stern (see references, p. 27) have studied 
the rate influences in the perception of motion by sight. I have found 
a marked variation in the perception of tactual and muscular space. It 
has been customary to take the rate variation into consideration in esti- 
mating lifted weights by requiring that the weights should alwa3rsbe lifted 
to the same height at the same rate. MCller and Schumann* meas- 
urements on this point are valuable. 

I have constructed a dynamometer for measuring active pressure. A 
beam 300““ long is supported upon pivot bearings at one end. The 
other end carries a pointer which moves over an arc graduated empiri- 
cally from o* to 1000*. The pointer end of the beam is supported*by a 
steel spring of seventy coils hung vertically^ The pressure point is a 
hard rubber disk in diameter supported by a loop from a point on 
the beam 75”*°* from the bearing end of the beam. This is a convenient 
and satisfactory dynamometer. In some experiments I required the 
observer to press to the standard, 500*, and then reproduce it from 
memory at various rates of increase in pressure so as to reach the 
standard in the following times : (i) 2“; (2) the observer's own time, 
generally about 5*; (3) 5*; (4) lo'; (5) 15*; (6) 20* j (7) 25*. The 
Standard was pressed before each single trial ; it was aimed to reach it in 
5*. The results show that the slower the pressure incre^s the more it is 
overestimated. The 2* pressure is generally underestimated. 

What is true for one unit applies also more or less to other units of 
measurement in sensation. I madeaome experiments, e. g. , on the double 

^MOllex and Schumann, Ueber die psycholpgischen Grundlagen der VergUifhtm 
^ehohener GewuhtCy Archiv. f. d. ges. Physiol. (Pfliiger), 1889 XLV 37. - 
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stimulus in pressure with a standard of s« using apparatus ^ as in series. 
I with rates I, II and V. The results for five observers were : I, 10.5* ; 
II, and V, 13.4*, i. e., the faster the increase the* more the com- 

parative pressure is underestimated. This is in accord with the laws, 
found for dynamometry and for the threshold of pressure. * 

The rate influence is not limited to sensation. It enters our higher 
and more complex emotional and intellectual experience and activity. 

3. The standard stimulus. The variation with the standard stimulus, 
is, perhaps, best expressed by Weber’s law. 

4. T'he direction of change. For most stimuli there is a close reUt- 
tion between the threshold for increase and the threshold for decrease. 

5. Method of marking the beginning and the end of change. Any 
method which leaves the reaction -time in the results is necessarily crude 
and the methods of elimination are uncertain. Introducing other 
methods changes fundamental factors in the conditions. Stratton’s. 
experiments and the mine have shown that the results depend to a great 
extent upon the method. According to Stratton, the law may even be 
reversed. We may grant that possibility, but that does not detract from 
the value of our results, for each method reveals a characteristic tendency. 
It seems to me that Stratton’s reversal of the law obtained by a gra- 
dation-method, is not due only to the change in method of recording the 
end of the increment, but to this in connection with other important 
factors, such as the special conditions of knowledge of the physical rela*- 
tions and the state of preparedness. 

6. Knowledge of the facts. This changes the laws of perception ia 
several ways. Knowledge of the physical facts acts as a suggestion. A 
conscious or unconscious distortion or correction is* liable to creep in. 
The unconscious corrections are perhaps the most vitiating. Our ordi- 
nary experience affords us examples of change in which the physical pro- 
cesses are known and others in which they are not, and our experiences, 
are different in the tw:o cases. This is just what we find in experiment. 
From this point of view the cases in question must be stated with refer- 
ence to (i) the state of expectancy or preparedness, (2) the distribution 
of attention, and (3) the degree of complexity of the discrimination. 
It is well known what a difference it makes whether a person knows what 
to expect and when and how to expect it. Such knowledge guided the 
distribution of attention. Thus, if I must distribute my attentive energy 
over 25" it will be less potent at any moment of response than if it 
were sharply focused just for that moment. But on the other hand, dur- 
ing a prolonged uncertainty, expectation rises and the effort of attention 
becomes greater and greater. 



WEBERNS LAW IN ILLUSIONS. 

BY 

C. E. Seashore, Ph.D. 

In a former article^ I reported some measurements on illusions of 
weight. Since then it has occurred to me that we may not only measure 
an illusion, but also use this measurement as a means by which to de- 
termine some other mental factor whose relation to it is known. An 
experimental attempt at this subject revealed another problem which is 
involved in the first and, at the same time, affords a field in which the 
two may be solved together. This second problem, which, on account 
of the outcome of the experiments, proves to be the most important, is 
this ; Does Weber’s law depend upon the so-called real intensity or 
upon the apparent intensity of the stimulus ? 

As a most distinct and manageable case in which to carry on the 
investigation I selected the illusion of weight which is due to the knowl- 
edge of the size of the object lifted. The apparatus consisted of three 
pairs of cylinders (A, jB and C) of the same weight, 8o®, and the same 
diameter, 37““ ; but of different lengths, A being 20““, B 120““ and C 
50““. The cylinders were made of polished hard rubber ; in external 
appearance they were similar in all respects except length. The bot- 
tom plates were screwed in and could be removed by turning « them 
three-fourths of a revolution by a key. A steel pin rose from the center 
of each bottom-plate for the purpose of receiving different weights con- 
sisting of circular disks with holes in the centers to fit this pin. There 
were two sets of these weights; one of 1® to 15* by one-gram Steps and 
the other of 5* to 40* by five-gram steps. The adjustment of the weight 
by this method was suggested by Dr. Meumann, of I^ipzig. It is a 
modification of Professor Jastrow’s muscle sense apparatus. * 

Twenty students in experimental psychology were examined and asked 
to give their judgments regarding the heaviness of the weights but to 
mak% no correction, allowance, or guess, based upon knowledge of the 

1 Seashore, Measurements of illusions and hallucinoHons in normal life. Stud. Yale 
Psych, ^b., 1895 I^^ 

> I am under obligations to Professor Bliss for facilities and suggestions, and to mem- 
bers of his class in the New York University summer school, 1896, for assistance 
as observers in the present experiments. 
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illusion involved. As has been proven (pages 5—9 in my investigation 
cited above) the illusion of weight persists, but is not so strong when the 
fact of the illusion is known ; therefore, observers who are aware of the 
illusion and those who are not aware of it fall into two distinct classes. 
In the present experiments even the details of the illusions of weight ind 
of this illusion in particular were demonstrated before the observers until 
all were conversant with the facts in question. Therefore, the illusion 
here measured is not the maximum. The preparatory demonstration 
was, however, made by a different set of cylinders in which the diameters 
varied so that none of the observers knew the exact extent of the illusion 
in the present apparatus. 

The aim was to determine two classes of facts: (i) the threshold, or 
least perceptible difference, for each pair of cylinders, and (2) the 
amount and kind of illusion in A and B respectively when measui^d by 
C as a standard. The first was determined by the following method : 
The weights in the continuous series rising by one gram each step were 
tried until three successive increments had been correctly perceived: 
The lowest of these was considered a threshold value. The observers 
were allowed to answer ‘'equal ** or “different** and, in the latter case, 
they were required to point out the heavier. The amount of the illusion 
was found by determining how much the weight in the C cylinder had to 
be varied from the standard in order to make it equal to the A cylinder. 
The same procedure was repeated for the B cylinder. The series of 
weights which differed by five-gram steps were used in the measurement 
of the illusion. 

The results are given in the Table. One determination was made in 
the order AA^ AB, AC, K, K! of which the results.are recorded iii the 
YZ-columns. Then the series was repeated in the reverse order with 
another complete determination on each point. These results are re- 
corded in the ^-columns. For the threshold a and b have the same value, 
but in the illusion-measurements a represents the lowest difference which 
made these two cylinders apparently equal, and b the highest ; i. e., in « 
I started from the point of physical equality and continued to the first 
point of subjective or apparent equality, while in ^ I started with an ex- 
cessive difference and decreased this until the upper limit of apparent 
equality was reached. * 

The experimenter handed the cylinders from behind a screen by pairs, 
placing them on end side by side in a convenient position upon a baize- 
covered table. The observer was required to grasp them as nearly as 
possible in the same manner and lift them always to the same height 
with the ’same speed. He was also required to keep them as near to- 
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gether as possible, and, after having tried them back and forth, to inter- 
change them in position and again compare them in both directions), 
continuing as long as he thought profitable. Thus the errors of timej^ ' 
speed, place, fatigue, practice, surprise, temperature and order ^ were; 
feirly eliminated. 
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The unit of measure is tfie gram. 

AC, the thresholds for the 
respective pairs. 

K, overestimation of A when measured 

C, 

underestimation of B when measured 

C. • 

a, the first measurement. 

b, the second measurement. 

E, the proportion of errors made; the 


numerator expresses the number of so- 
called wrong judgments made out of the 
total number expressed by the denominator. 

A, average; M, the mean of the two 
averages. 

4 mean variation ; m, the mean of the 
two mean variations. The mean variation 
for the series may be found by dividing 
these by 6.3. ■ 
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The necessity of retaining the same standard throughout the entire ex- 
periment was urged upon each observer. The standard of sureness can 
be seen to some extent in the individual records by comfikring the num- 
ber of errors with the size of the increments. E shows the number of 
actuaf errors in comparison with the number of possible errors, or the 
total number of judgments that were made. The comparatively small 
number of errors in B may be accounted for partially by the favor- 
able position of B in the order of trials. The ^-trials in C were often 
disturbed by their proximity to the illusion-trials, and A was subject 
to still more disturbance because of its position as the extreme first 
and last trials. I call these so-called wrong judgments '^errors** in a 
different sense from that in which the illusions are called errors. The 
illusions are normal, but what is here called an error is not based upon 
any such constant factor that is known. ' 

The variation is apparently large, but it must be remembered that it 
is the individual variation of twenty different observers from their average 
and that the number of trials on each observer is small. The general 
agreement of so many is worth more than the consistency of one in a 
larger number of trials. If we consider the uniformity of the conditions 
of the observers, subjective as well as objective, we find ourselves justi- 
fied in taking the averages of these twenty (in all, forty complete deter- 
minations on each point) as a fair expression of the answer to the two 
original questions. 

Does Weber's law depend upon the real or upon the apparent weights ? 
If upon the apparent, is there any traceable law? In the present case A 
is oveiestimated by 15.8* and seems to weigh 95.8* in terms of C* which 
we assume as a standard and common measure. According to that a physi- 
cal change of, e. g., 3.3* in A will appear as a change of. 



3-3=4.o. 


On the other hand B is underestimated by 12.1® and appears to weigh 
67.9* in terms of C. Then a physical change of the same amount, 3.3^ 

in B will appear as a change of ~~ X 3.3=2. 8. There is a coincidence 

between this theoretical consideration and the above results, but we must 
seek other relations in the results in order.to get a more direct answer. 

The ratios for the relation hefween the respective thresholds -and the 
standard for these particular conditions are : 

as ZXid JA sss 
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These are the constant multiples which would express Weber’s law for 
the same conditions if the measurements were repeated with any standard 
weight within the limits in which the law is applicable. These are, how- 
ever, only representative of a large number of possible illusions. As 
have proved (pp. 3-5 in the article cited above) within certain limits, 
the illusion varies directly with the difference in size. We might have 
made the illusion stronger by making A smaller and B larger, or by ob- 
taining the naive, ** unconcious” judgment of the observers. In such 
a case we should have gotten a number of thresholds outside of the present 
extremes. Similarly we might have decreased the illusion down to zero. 
It is evident then that if we state that Weber’s law requires, e. g., of the 
standard to produce a just noticeable increment on 8o* we have stated it 
only for one particular relation between the standard weight and the size 
of the object. Grant that C is the* nearest approach that we can get 
toward freedom from this one illusion, then the relation of the threshold • 
to this would denote that which is generally expressed by Weber’s law. 
But a large number of conditions, represented by A and B are just as im- 
portant from a practical point of view, for it is very rare in normal 
life that we lift objects that give us no illusion. This was preeminently 
true in the classic experiments on Weber’s law. Now, the facts known 
about the regularity and trend of this illusion justify us in assuming that, 
if the same proportions between the sizes and the standard weight be re- 
tained, the illusion will approach a constant fraction of the standard within 
the limits of the validity of Weber’s law. Therefore, if we had determined 
the threshold empirically under all possible degrees of illusions like the 
one under discussion, Weber’s law might be expressed for all st^dard 
weights within the above assumed limits by as many fractions, like 
as there are illusory effects such as A and B represent. The fact of this 
possibility implies an affirmative reply to our first inquiry, namely, that 
we can use the measurement of one mental characteristic as an index to 
another ; in this case the measured illusion is an index to the threshold. 
An attempt to state it from such a complexity of conditions might seem 
hopeless, but the above results give us a key. 

First, all overestimation lowers the threshold and all underestimation 
raises ft. Secondly, retaining the notation of the Table, we may formulate 
the results thus : 

AA _ 

2 lC"“ C 

AB\c+jt 
dC” C V . 


and 
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The error involved by substituting the empirical results is 5% in the 
first equation and 10% in the second. Both these, it ipay be seen from 
the table, are less than the respective mean variations. Disregarding the 
illusion (jST and K! in the above formulas) as has always been done,« the 
error in substitution would be 15% in the first and 21% in the second 
equation. Hence Weber’s law stands in a much closer relation to the 
apparent weight than to the physical standard. 

If we know the increment needed for an object of a given weight and 
size, e. g., C, at any standard, and know the amount of the illusion for 
all differences in size in objects of this weight, we may be able to calcu- 
late the threshold of perceptible difference for all such cases. For 


and 


AA 

C—K 



^ 1 

C+ K' ^ 


AC 


= it 


These give a constant fraction for all the equations, in this case approxi- 
mately This fraction may be supposed to hold as a constant for all 
conditions, of which the above B and C are representative. Hence, 
we may state the principle for the dependence of Weber’s law upon ap- 
parent weight, as 


AE 

5+Z 




where is the threshold of perceptible difference, S the physical 
standard weight, K the amount of the illusion (which must retain its 
sign + or — according as it is underestimation or overestimation of the 
standard), and Mz, constant. 

A question may here be raised as to the reason for and effect of choos- 
ing C of this particular size. It was chosen, after some preliminary ex- 
periments, because it seemed to correspond fairly to the size that the 
adopted standard weight might suggest. What would have been the ef- 
fect of making it larger or smaller than this ? It may be possible to detect 
some law for the dependence of the illusion upon this, but at the present 
stage of measurements in illusions this factor is negligible and the siJtandard 
may be chosen of any size which is not so extreme as to introduce other 
sources of error, such as difficulty in grasping, provided the results are 
stated in terms of that size. . Such results may also be convertible into 
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terms of each other, for on this theory we may add the illusion of jA to the 
illusion of B an(| take the sum of these as the expression of the illusion of 
either ^ or ^ in terms of the other. Thus 

JB ~ B 

and = 

AA A 

The error involved by substituting the actual figures is 5% for the first 
equation and 7% for the second. Although these are extreme cases the 
error of the substitution is no greater than that found when the mean, C, 
w£us used as a standard. Therefore, within obvious limits, we are justified 
in choosing the standard of any convenient size in measurements like 
these. 

Just as no one now claims an exact mathematical conformity for 
Weber’s law in any sense, we must construe the above formula liberally. 
There may be some more determinable factors that must be taken into 
it j we can never hope to determine and control all such factors. Judg- 
ments as to the validity of the law have heretofore been made largely upon 
experiments that involved the illusion here discussed, or similar ones, and 
the variations caused by them have been counted as discrepancies in the 
law. The above data at least justify us in assuming this relation of Weber’s 
law to illusions as a working hypothesis. It promises not only the same 
degree of comformity as the law has had on the old theory, but algp an 
extension of it both in the degree of conformity and the range of its ap- 
plicability. 



RESEARCHES ON VOLUNTARY EFFORT. 

BY 

E. W, Scripture. 

We may suppose that in primitive times quantities were measured ac- 
'cording to mental scales ; thus distances would be established by the eye 
or paced off by walking, weights would be judged by the effort required 
to lift them, etc. In most cases later civilization has, by the method of 
maximum agreement,^ established successively finer methods wherein the 
disagreements due to the personal and instrumental differences are re- 
duced to extremely small quantities. These are the so-called physical ’ ’ 
or instrumental ** methods. Thus by instrumental methods a scale for 
space is developed from the standard meter bar, or a scale of mass from 
the standard kilogram. With such scales in our possession the problem 
arises : how do our mental scales compare with the instrumental ones ? 
The solution of this problem in regard to the voluntary efforts used in 
compressing the fingers was attempted in the following way. 

Apparatus. 

The dynamometer. Experience with various dynamometers led to the 
construction of a new one. Two spring-steel rods are inserted into a 
braS block so that they extend from one side. Flat hard-rubber knobs 
are fastened at the appropriate distance from the block ; when pressure is 
applied to these knobs, the rods bend inward after the manner of sheep- 
shears. A light plate is attached to the end of one rod ; the end of the 
other rod is pointed to serve as an index. The amount of the pressure 
exerted on the knobs is. measured by the deflection of the rods, and this 
is indicated by the distance through which the index passes over the 
plate. The physical scale is established by resting the dynamometer on 
one knob and placing weights on the other knob ; the position of the 
index for each weight is scratched on the plate. The knobs* may be 
placed at any desired point along the rods. As they are placed nearer 
to the block, the apparatus becomes less sensitive and the movement less ; 
as they are moved toward thb ends of the rods, the apparatus becomes 
more sensitive. In the present investigation they are so placed* that the 
maximum force usually exerted makes the index pass over the entire scale. 

* Scripture, New Psychology, ch. Ill, Ixjndon, 1897. 

. 69 
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The instrument is graduated for one position of the knobs and must then 
be left unaltered. These d3rnamometeis are so readily made that it is 
preferable to have a separate one for any special problem rather than to 
alter the knobs and change the scale. ^ 

'fhe dynamometer is used by holding it up between the ends of the 
thumb and one of the fingers. The other fingers are kept away from 
the one used. The metal block may be allowed to rest lightly on the 
palm of the hand.^ 

The dynatnograph. The dynamometer is turned into a dynamograph 
by means of a piston recorder or a recording capsule. The particular 
one used in the following experiments was made by fastening one of the 
extra glass cylinders of a HOrthle piston recorder to one of the steel 
rods while the piston was fastened to the other rod. Pressure on the 
knobs caused the piston to descend in the cylinder and the air to pass 
through the rubber tube to the recorder. The cylinder is adjustable to 
any point on t^e rods ; this regulates the amount of movement in the 
piston. 

The recording point is rested against any smoked surface in the usual 
way. It repeats the movement of the piston on the dynamometer and 
consequently indicates the pressure exerted. To graduate the record the 
dynamometer is placed in a vise or a clamp and is subjected to pressure 
so* that its index reads 2^ 3^ etc. on the scale; the position of the re- 
cording point at each of these readings is marked on the smoked surface. 


Scale for the thumb and finger. 

Two points are to be determined for our scale of voluntary effort : i, 
the relation of its units to the weight units ; 2, its regularity. 

The subject of the experiment takes the dynamometer in his hand. 
At the command ''One” he exerts a light pressure ; at the command 
"Two” a pressure intended to be twice as great; at "Three” three 
times as great ; etc. At each pressure the recording point marks its ex- 
cursion on the smoked surface ; between records the surface is moved so 
as to ke^p the marks separate. The experiment is repeated several times. 
Theikthe dynamometer is placed in the vise/ which is screwed up until 
the index indicates a pressure of i?* ; a turn of the drum inscribes the 
line for i** on all records. This is repeated for 2^, etc. The records 
are theo read in tenths of a kilogram. 

^ This dynamometer and the dynamograph are pictured in Scri^ure, New Psychology, 
Figures 4 and 24, London, 1897. 
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The following is n specimen record ; the figures in the top line give 
the relative intensities of the efforts as intended, while the actual results 
of five experiments are recorded below them. The unites the kilogram. 


1 

2 

3 

4 

0.5 

x.o 

1.7 

3-3 

0.4 

I.O 

x.6 

2.8 

0.5 

x.o 

x.6 

2.5 

0.8 

X.6 

2-5 

3-7 

0.9 

2.x 

3-2 

4 -? 


The question arises concerning the proper method for computing the 
results. If the values in each column represent identical processes, they 
should be added directly. This is the method which I have followed in 
reporting the results in the New Psychology (p. 218). Further con- 
sideration leads me to modify the procedure. The values for effort i are 
not intended to be one particular effort, but any convenient light effort 
to start with. Likewise the values for effort 2 are not attempts at a cer- 
tain definite effort, but are attempts to double effort i, which may be 
different for different experiments, etc. The proper procedure seems, 
therefore, to lie in measuring efforts 2, 3 and 4 by effort i, as a unit ; 
this is done by dividing all four records by the record for effort i in 
each experiment separately. The specimen record then takes on the 
following form : 


2 

3 

4 

2.0 

3-4 

6.6 

2.5 

40 

7.0 

2.0 

3-2 

50 

2.0 

3 * 

4.6 

2.3 

3-6 

4.6 


The averages and mean variations are then computed in the usual way. 
The results for several observers are given in the following table : 


Subject. 

X 


2 

Table I. 

d . 

3 


4 

• 

<^4 

n 

I 

X 

*9% 


9 % 

3-5 

7 % 

5.6 

2% 

5 

II 

X 

14% 

2.0 

11% 

3.3 

21% 

7.1 


5 

ill 


25 % 

3-0 

27% 

5.7 

33 % 

XI.4 

14% 

4 

IV 

X 

22% 

2.2 

* 4 % 

3.1 

29% 

4.6 

24% 

4 

^l» 4 %i ^49 

mean variations. 


». 

number 

of experiments . 
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Scale for forearm and hand. 

These experiments were made with a dynamometer constructed by Dr. 
Seashore (p. 6 o, above). A light wooden rod was hinged at one. end to 
an •-upright; a coiled spring supported the rod in a horizonal position. 
Pressure on the rod at a given point deflected it downward ; this point 
was chosen very near to the axis in order to make the movement a mini- 
mum. An index at the movable end of the rod passed over an arc 
graduated in grams. 

The subject was seated with the hand and arm extended horizontally. 
At the signals he executed downward pressures intended to be in the re- 
lations oi I, 2 and 4. The results are given in the following table. 
The experiments were all made by me on Dr. Seashore on the same day 
in successive groups. 

Table II. 

I 2 4 n 


«% 

2.2 

9% 

3.8 

«% 

xo 

17% 

2-3 

24% 

3-9 

23 % 

10 

* 3 % 

2.4 

13% 

4.2 

17% 

xo 

26% 

23 

20% 

4.1 

2 «% 

xo 

19% 

2.1 

* 5 % 

3-3 

* 4 % 

xo 

m 

2.3 

*6% 

3-9 

21% 

so 


^2’ ^4* variations. 


I n, number of experiments. 


Conclusions concerning the scales. 

The mental scale of exertion is a fairly definite affair. It varies con- 
siderably in different individuals, but is fairly constant for the same 
individual on a given occasion. 

The question of how these scales are established by past experience is 
not touched upon ; the problem for the experiments related to the actu- 
ally existing scale. 


Repeated voluntary efforts. 

(Henry E. McDermott.) 

The purpose of these experiments wa& to measure, not the fatigue of 
maximum pressure, but the fatigue resulting from m^y repetitions of a 
moderate pressure, thus showing the frtigue of the finger muscles under 
control of the will involving concentrated attention. 
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The instrument used was the dynamometer described above (p. 69). 

The first person experimented on, A. G., was a High School student. 
I allowed him to give a desired pressure and then told liim to relax the 
grip, ^ and with the eyes closed to give the same pressure as before. 
His results expressed in dekagrams were as follows : 78, 75, 80, 76, Ss, 
8S» 85, 85, 83, 80, 84, 85, 90, 85, 8s, 86, 82, 85, 80, 83, 83, 83, 84, 
84, 85, 86, 90, 89, 90, 90, 90. 

At 90 the pointer touched the extreme of the scale and continued to do 
so for several seconds. In this set we see a tendency to gradually in- 
crease the grip as it is repeated ; this is exactly the opposite of what was 
expected. The results fluctuate for a time and then for a few seconds 
- become regular. On the average, however, they slowly, yet constantly, 
increase in strength. 

The second person experimented on was also a High School student, 
F. C. His results were 55, 70, 65, 70, 70, 75, 74, 76, 80, 80, 80, 82, 
74, 80, 83, 82, 86, 85, 85, 8s, 85, 83, 84, 82, 81, 78, 82, 85, 86, 83, 
80, 82, 82, 83, 83, 82, 83, 85, 85, 81, 76, 77, 79, 80, 80, 73, 74, 
7S> 80, 78, 80, 80, 85, 90, 90, 88, 90, 88, 90, 90, 90, 90, 90, 90, 90, 
90, 88, 89, 90, 90, 85, 89, 89, 88, 88, 90, 9a, 90. In this set we 
see nothing very different from the first, except that there was greater 
regularity at the start and that the difference between beginning and end 
was greater because the starting point was lower. 

The third person experimented on was also a High School student, 
N. B. His results were, 30, 34, 32, 33, 32, 29, 32, 29, 30, 30, 32, 30, 

. 54 , 33 , 31, 29, 29, 29, 29, 31, 31, 32, 29, 33, 35, 32, 35, 40, 45 , 35 , 

39 , 3 «, 40, 38, 39 , 41, 40, 36, 32, 40, 40, 35 , 3^, 34, 3 ®, 3 ^, 35 , 35 , 

35 , 35 , 36, 34 , 36, 40, 40, 35 , 4 ©, 4 ©, 42, 4 ©, 39 , * 4 ©, 5 ©, 5 ©, 4 ^, 45 , 

50, so, 48, 44, 4S, 44, 4©, 4©, 43 , 44, 45 , 44, 4i, 4 ©- In this set 
we have a remarkable constancy of exertion. However, the tendency 
to increase is noticeable, as almost all the later results are greater than 
earlier ones. The greatest difference is 20, in contrast with 26 of A. G. 
and 3S of F. C. ; both of which would have been even greater had the 
scale been longer. 

The fourth subject was a college student, J. R. N. His results were 
47 , 55 , 5 ©, 51, 55 , 60, 62, s6, 60, 64, 66, 6s, 71, ^s, 72, 68, 68,^70, 
66, 6s, ^68, 7S, 76. In this set we have an almost constant increase up to 
a maximum of 29, which is large considering the shortness qf the experi- 
ment. • 

The fifth subject jv-as D. J. R., a carpenter. His results were §s, 53 , 
54 , 65, 66, 68, 6s, 66, 77, 75 , 73 , 72, 78, 78 , 80, 82, 8s, 8s, 87, 8s, 
82, 83, 80, 82, 81, 85, 87, 90, 8s, 87, 9©, 9©, 9©, 9©- At 90 the 



NEW APPARATUS AND METHODS. 


BY 

E. W. Scripture. 

Those pieces of apparatus which have been developed for purposes of 
research have been in general described in connection with the investi- 
gations for which they were first us^. There remain two classes of ap- 
paratus for special description. The first class is that of general utility 
for all purposes ] the second that for demonstration purposes. Both 
classes are largely the effects of the increased numbers of students, whereby 
it becomes necessary to provide labor-saving utility-pieces and practica- 
ble means for demonstrations on a large scale. 

Camp batteries. 

Long experience with galvanic and storage batteries of many sorts 
made it evident that some method must be devised by which the city 
current could be made available for all the battery work of the laboratory. 
As the Yale laboratory is supplied with the iio-volt direct current, the 
problem was reduced to that of finding a method of readily transforming 
it at any point in the building to a current of lower voltage. 

A motor-dynamo, or motor-transformer, was considered. This ma- 
chine is attached to the supply wires at any point ; two wires leading from 
it furnish the current at the particular voltage for which the machine was 
built. It is, however, quite costly and also inconveniently heavy. A 
laboratory of any size can hardly do with an equipment of less than ten 
batteries ; such a set of motor-dynamos would be quite beydnd the reach 
of most institutions. A larger motor-d3mamo might be used to distribute 
a low-voltage current throughout the laboratory by a special set of wires. 
This method is open to many objections ; it need not be considered when 
the laboratory receives the iio-volt direct current, as the lamp batteries 
offer a better solution. When, however, an alternating current or one of 
veliy high voltage is received, the proper method would presumably be to 
transform it to a direct one of 25 volts and send it through the laboratory 
to be used from sockets by means of the appropriate lamp batteries. 

It was suggested by Prof. A. Wright, of the Physical Laboratory, that 
a shunt arrangement might be made by means of lamps in such a manner 
as to yield a current of the desired amount and tension. This was tried. 
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but Q'vtring to the luck of lumps suituble for the shunt, u coil of wire wus 
used.^ The urrangement wus fuirly successful, but wus finally ubun- 
doned. A study of cutulogues of incundescent lumps showed that the 
origin^ idea was u possible one \ thus the lump battery was finally de- 
veloped. • 

The principle of the lamp battery may be explained by describing the 
method of construction. A convenient form of battery is made as fol- 
lows : A base-board 10 x 6 inches (say 25 x 15 centimeters) is sawed from 
a board, i inch centimeters) thick. It is convenient to keep a 
supply of such bases varnished and ready for use, as an extra battery may be 



Fig. 6. 


required at any time. Three lamp sockets (so-called ‘ ^ wall receptacles* * ) 
a snap switch and two binding-posts are then screwed to the board in the 
positions indicated in Figure 6. Socket A is for lamps with the same 
base as that used on the regular supply circuit for lighting the building ; 
sockets B and Care for lamps with a different base. For example, I use 
the T-H base for A and the FMison base for B and C. Thus it \s im- 
possible to place a lamp in the socket not intended for’ it. The battery 
is wired with the usual silk-covered lamp cord, the ends being neatly 
tied with thread. The method pf wiring is sufficiently indicated in the 
figure. A supply of plug wires is prepared. What I call a “ plug wire,** 
for lack of a better term, is made by connecting the ends of an ordinary 

'Scripture, Some new apparatus.^ Stud. Yale Psych. Lab., 1895 III 109. 
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lamp cord (6 feet, or 2 meters) to a socket plug; the other ends are 
scraped, bound with thread and left free. 

To use the 'battery a plug wire is inserted in any lamp socket on the' 
supply circuit. The free ends are brought to the binding-posts E gind F. 
A iio-volt lamp of the required amperage is placed in A. Thus for an 
electric fork a i -ampere lamp will be used,, for a spark coil a 4-amp^]:e 
lamp, etc. A low voltage lamp of the same or greater amperage than 
the one in A is inserted in E. Thus for the electric fork the lamp must 
carry at least 1 ampere in order to correspond with the lamp in A ; it 
may conveniently be of 10 volts. For the spark coil a lamp of 8 volts 4 
amperes would be suitable. 

A plug wire is now placed in C, and the switch D is snapped to turn 
the current on. At the ends of the wires from the plug in C a current 
can now be drawn whose maximum intensity is practically the same as 
that in the lamp A and whose tension is practically the same as that at 
the poles of the lamp B, In the case of the electric fork it would be a 
current of 10 volts i ampere ; for the spark coil it would be 8 volts 4 
amperes. 

The lamp battery behaves like any other battery. Increased resistance 
in the external current decreases the intensity of the current delivered,, 
etc. For circuits of great resistance a lamp of higiher voltage may be 
used in B, For larger currents than 4 arnperes the sockets at A and B 
are doubled, as it is not advisable to use the ordinary socket for a cur- 
rent of more than 4 amperes on a iio-volt circuit. 

The character of the lamp batteries can be seen from the following tables. 


Table I. 


Lamps used in the batteries. 



Large Lamps. 


Small Lamps. 

Mark - 
OQ Lamp. 

Trade Name. 

on®J^p. TnmeName. 

A 

110 volts 

xoo c. p. 4 ampdres. 

m 

8 volts 

4 

amperes 

B 

no vSlts 

zoo c. p. yA amperes. 

n 

8 volts 

4 

amperes 

C* 

no volts 

64 c. p. 

0 

8 volts 

4 

ampdres 

•d 

up volts 

32*:. p. 

P 

X2 volts 

3 

amperes 

E 

no volts 

16 c. p. 

q 

X2 volts 

2 

amp^es 

F 

no volts 

8 c. p. 

r 

X2 volts 

X 

ampdre. 

• 



s 

X2 volts 

0.7 ampere. 




t 

10 volts 

X 

ampdre. 




u 

6 volts 

X 

ampdre. 




V 

20 volts 

x6 

c.’p. 
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Table II. 

Results of various combinations of lamps. 

Lamps used. Am An Ao Bm 'Bn Bo Bv Cm Cn Co Cp Cq Cv 

Potentftl in volts. 9 S 7 7.5 6 37 4 3 4 7 10 *25 

Max. cur. in amp. 4.0 4.0 4.0 3.5 3.5 3 5 3-5 >-9 *-9 *-9 *-9 i -9 *-9 

Lamps used. Dp Dq Dr Dt Du Dv Eq Er Es Et Eu Ev Fs Fv 

Potential in volts. 4 5111051535742846 

Max. cur. in amp. I.o l.o i.o i.o i.o i.o 0.5 0.5 0.5 0.5 0.5 0.5 0.3 0.3 

As it is sometimes desirable to distinguish the poles of the battery, the 
left hand wire has a red covering, while the right hand wire has a green 
one, and all the sockets are so placed that the central contact is con- 
nected with the red wire. For the plug wires I use a twisted red and 
green cord, with the red cord connected to the central contact. All 
sockets on the supply wires have the central contact connected with the 
positive wire. Thus all central contacts and all red wires are positive. 



Fig. 7. 


Some of the lamp batteries are wired in a slightly different manner. 
The purpose of the new wiring is to render it possible to use two circuits 
in parallel. For example, to run a Deprez marker with a 100 v. d. 
electric fork, having a low resfttance magnet, the fork should not be 
placed in series with the marker as the current running through the fork 
would be greatly reduced by the high resistance of the marker. Ihe 
proper way is to run the wires from the battery to the marker and then 
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place the fork as a shunt around the marker. Every time tfie fork makes 
contact the current pulls the prongs but is shunted from the marker be- 
cause the fork bffers so much less resistance, whereas at every break of 
contact the current is forced through the marker. Thus a large current 
mky be used for the fork and a small one for the marker. This method 
of connection may be arranged with the lamp battery just as with other 
batteries, but a further improvement^may be made. A fourth socket, Gy 
is placed in series with the socket for the small lamp, as shown in Figure 
7. The lamps are arranged as before ; the plug wire from Cis connected 
with the fork and another plug wire from G with the marker. The bat- 
tery runs the fork as usual. Every contact of the fork shunts the current 
from B and G \ every break of the fork, however, forces the current at 
a tension of 1 1 o volts through the marker. The advantage of this arrange- 
ment is frequently very great. This form of battery may be conveniently 
termed the “ extra circuit battery. * * By closing G with a metal plug the 
battery may be changed to the same system as Figure 6. 

To save time and space I mount several lamp batteries on a single 
board and fasten it on the wall where it is likely to be used. Figure 8 
shows such a battery board placed over the drum-table in the time-room. 
The switch at the top turns off the current completely ; the socket in the 
middle gives direct access to the no-volt supply, e. g., for running a 
motor. From the fuse block at the bottom the wires divide to the four 
batteries, each battery having its separate switch. Two of the batteries 
are . wired by the method shown in Figure 6. The first and third, 
counting from the left, are wired after Figure 7 ; the plugs for closing 

the extra sockets hang at the« sides 
when not in use. The extra switch 
introduced in the latter batteries ena- 
bles further changes, but the arrange- 
ment is too complicated for ordinary 
use. The cost of a lamp battery is 
much less than that of a correspond- 
ing galvanic battery ; the expense of 
running it on the city circuit is tri- 
fling \ the only renewals are those- of 
the lamp when it is burned out ; a new 
battery can be made in ten minutes ; the saving of time formerly re- 
quired for setting up or replenishing batteries is worthy of consideration. 
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Fig. 8. 


Multiple key. 

The multiple key described in the first npmber of these Studies (pp. 



New apparatus and methods. 


8 1 

xo, 97) has undergone further improvement. In addition to changes 
in execution such as greater lightness of the parts and fineness of work- 
manship, the following important alterations have been, made. i. An- 
other J)reak contact has been added to the rear end of the lower lever ; 
thus two circuits can be broken simultaneously by pressure ©n the key, 
with or without closing one or two other circuits at the same movement. 
This double break is not only very useful on many occasions, but is some- 
times indispensable. 2. The point which dips into the mercury cup has 
been made adjustable. 3. The main contacts are independent; this re- 



Fig. 19. 


quires twelve binding posts. 4. All connections are made on top so 
as to be directly visible. The system of connection can be seen in 
Figure 19. The wire from the further post on the front of the key leads 
to the mercury cup which is hidden by the third post from the left in 
front i^ the figure. ^ 

In this connection it may be well to mention that, twhen this key (or 
any other key) is used with the spark coil, the condenser should be con- 
nected around the place where the circuit is broken. The spark coil 
should have a separable condenser. When a coil is to be bought, it 
may be ordered to be built in three separate pieces ; the primary coil, 
the secondary coil and the condenser. The condenser can then be used 
anywhere. The independent primary is useful for teaching the construc- 
tion and use of the spark coil. The magnetic interrupter is not needed ; 
by omitting it separable the form of the spark coil becomes cheaper than 
the usual one. 

Adjustable support ior recording instruments. 

For the convenient adjustment of forks and markers so that they may 
wrjte properly on the revolving drum I have devised the support shown 
in Figure 10. 
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The horizontal rod is fastened in any desired position ^to the upright 
rod of the drum-carriage by means of the clamp M with the screws 4 
and B, The horizontal rod T runs through the hollow rod P. At its end , 
is a screw-thread on which the nut F is placed. The nut F is so adjusted 
that the hollow rod P plays freely but without shake around the hori- 
zontal rod. The jamb-screw E locks j?^in position. The upper arm Q 



Fig. io. 


with the screw N is fast to the horizontal rod, and the arm O to the 
hollow rod P, The arm O is held against the screw iV'by a spring. 

If a fork is to be used, a hole is bored in the wooden base j it is then 
placed on R and screwed tightly down by means of S, The fork is then 
brought into rough adjustment and fastened by I on the rod P, If a 
marker is used, it is placed directly on jP. 

The finer adjustment is done by the screw which slowly moves the 
arm Q and lowers or raises the fork. Pressure of the finger on O lifts 
the recording point at once from the paper, A view of a fork applied 
to the drum in this way is to be seen in my New Psychology, Figure 6. 

The clamp M may be of brass or hard rubber, the latter being neces- • 
sary when the spark method is used in combination with a marker. (See 
p. ;i7 below.) 

System of projection. 

Although the requirements of psychology in the matter of projection 
are in some respects similar to those of other sciences, there are certain im- 
portant peculiarities that must be bprne in mind in providing lanterqs, 
screens, etc. For single, plain slides, the equipment may be the usual one 
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with an ordinary lantern, and for projection of apparatus the open-work 
lanfetti may be used as in physics. Yet these methods leave untouched, 
the subjects of color and binocular vision, which are specifically psycholo- 
gical ^nd which require lantern-work when presented to large classes; 

In the following account I shall describe the system which -I have de- 
veloped at Yale. 

Triple lantern , — ^The projection in colors requires a triple lantern of 
special construction. For stereoscopic projection two of the parts and 
for plain projection one or two or three parts are used. 

The triple lantern which we possess is shown in Figure ii. It .is ar- 
ranged for lime-light, as the color work cannot be done with electric or 
acetylene light. The three jets are packed closely into one lantern-body. 
The three condensers are as close together as possible. Three lenses ex- 
actly alike are mounted on the front board. The jets have all adjust- 



Fig. II. 

ments for regulating the gas, manipulating the lime, etd. Limes tur^jed 
in the lathe are used in order not to disturb the focus as they are rotated 
in the lantern. Regulators are placed on the cylinders. 

To mount the lantern a shelf of i inch (4 centimeters) pine is built 
out from the wall and rigidly supported ; every precaution is taken 
to prevent warping. A plate of thick wood or of iron is then prepared 
just large enough to form a base for the lantern. The lantern is screwed 
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to this plate. The proper position for the lantern is found; the plate is 
. made -perfectly level and is then either screwed to the shelf or is so 
marked that it can always be brought readily to its proper position. The 
screen is put in place and the three lenses are brought into perfect 
registration. 

, Apparatus lanterti, — k. regular open-work lantern may be used, but I 
find it preferable to build one in the following way. A pine board four 
feet meter) long and nine inches (23 centimeters) wide serves as 
the base. Across it at about one foot (30 centimeters) from the end 
there is an upright board one foot (30 centimeters) high supported on a 
narrow base. An opening is made toward the top of this board to admit 
the condenser-lens. The projecting lens is held by another upright board 
supported on a base and not attached to the horizontal board. The light, 
which may be one of the jets from the triple lantern, is held by a rod on 
a free metal base which is placed at the desired point behind the con- 
denser. One of the condensers of the triple lantern may be readily re- 
moved and used in this lantern. The projecting lens may be a very simple 
one. The large open base and the free adjustment of all the parts make 
the arrangement of apparatus very easy. 

Screens . — Where the room is very high, it is desirable to have the 
pictures back of the lecture room table. In this case only one screen 
would be needed ; a silvered screen of the appropriate size. When the 
room is not so high, the silvered screen is placed on rollers just above 
the front edge of the experiment table ; for projections where part of the 
apparatus is used on the table and part is projected by the lantern an- 
other screen is used back of the table. For this latter screen I use*muslin 
sheeting long enough to reach entirely across the room. It is supported 
by rings on a tightly stretched cord and is readily drawn across or pulled 
back by other cords. The use of so wide a screen enables me to project 
two views simultaneously side by side. 

The silvered screen is required for stereoscopic work by polarized light ; 
moreover, it is far more brilliant than any white screen. 

Single views. ox single views two of the lanterns of the triplet may 
be used for dissolving. A lantern view is more effective than a chart for 
variods reasons : it is not exposed until it is wanted ; it is brilliantly lighted 
while all else is dark ; it must be strictly attended to because it will speedily 
disappear. Views of apparatus should also be used wherever possible. 
The actual piece of apparatus is so smaSl that, the details are invisible to 
distant students ; a lantern view of the whole or of some essential part 
greatly aids the understanding. I also find that even the most striking and 
brilliant instruments rarely command the same attention as a lantern view. 
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Apparatus views , — For apparatus projection several methods may be 
followed. Whenever possible, I place as much of the apparatus as I can 
in full view on the experiment table ; the registering part is then placed 
in thg apparatus lantern and projected to one side of the screen behind 
the table, while the recording point is prolonged so as to write on a smoked 
glass plate in one part of the triple lantern which projects the record be- 
side. the view of the recording apparatus. When this cannot be done,* 
one or two lanterns may be used as desired. 

Stereoscopic views , — ^For stereoscopic projection two methods may be 
used. 

By the color method sheets of red and green gelatine (for lime light) or 
glass (for electric light) are placed before the condensers of two of the 
lanterns. Small squares of red and green glass are held before the left 
and right eyes respectively. The gelatines and the glasses require care- 
ful selection. An ordinary white screen may be used. 

With the other method two polarizers are placed in front of two of the 
lanteriis with the axes of polarization at right angles.^ The stereoscopic 
view-slides are projected simultaneously to the same place. Each student 
receives an eye-glass consisting of two analyzers with axes of polarization 
at right angles to each other. The views are thus received by the eyes 
separately and the result is an object apparently in full solidity. . The 
whole subject of binocular vision lends itself to treatment by this method. 
Series of stereoscopic slides have been specially prepared for this purpose. 

Color views , — For color projection three colored films, red, green, and 
blue, are placed in the triple lantern. I have devised a slide which shows 
on the screen the elementary colors singly with their combinations in 
pairs and in triple. Shades are shown by slowly turrfing the light down. 
The various hues and the laws of combination are illustrated by varying 
the intensities of the jets. The properties of the color triangle and the 
color pyramid are thus illustrated. When the laws of color are thor- 
oughly impressed by this method, slides of concrete objects are used for 
study. Thus a group of flowers, Figure 12, affords an illustration of the 
automatic solution of color equations. The matter is quite complex, but 
a few illustrations will serve to show how I approach the subject. Every 
color is the sum of three elements, or i=x + y + z. Assume for these 
elements the three colors red, green> and blue, and let x indicate* the 
number of units of red, y of green, and z of blue. For white we have 
equal parts of the three elements, or x==y=:,z. The middle stalk of 
flowers in each slide allows the light to pass fully through it, as dan be 

•* A view of these polarizers adjusted to a biunial lantern is shown in Scripture, New 
Psychology, Fig. 113, London, 1897. 



86 


£, W. Scripture^ 


seen when the views are shown singly. When all three are projected to- 
gether, it will receive equal illumination from each, and will consequently 
be white. The stalk on the left in the R slide allows the red light to' 



pass, but keeps it entirely back on (he G 
and B slides, consequently we haveyi=:o 
and z = o and i=:zx; that is, the stalk ap- 
pears red in the final picture. In this man- 
ner the greens, blues, yellows, purples, etc. , 
with their various hues, tints, and shades 
may be worked out. 

‘‘ITie phenomena of color blindness can 
also be represented with the tricolor lantern. 
The usual theory of color blindness^ accord 
ing to which the defect arose by the failure 
of one of the three fundamental colors, can 
be illustrated by covering up one of the 
lenses. For red blindness the red lens is 
covered, and the resulting picture appears 
in combinations of green and blue ; for green 
blindness the green lens is covered and for 
the hypothetical blue blindness the blue 
one is covered. To .illustrate the newer 
theory, the blue slide is left unchanged, but 
two slides are made for red and two for 
green. For the dichromats of the first class 
— the red-blue persons — the two slidei" taken 
through the red ray filter 'are placed in the 
red and green lanterns. Thus, in the c^se 
of the gladiolus, the slide R is thrown on 
the screen in red light from one lantern, and 
also in green light ftoin the second lantern, 
while the B slide is thrown in blue as usual. 
The G slide is not used.' The result is a 
picture in combinations of yellow and blue. 
For the other dichromats-— the green-blue 
persons — the G slide is thrown in red light, 
and again in green light, while the blue re- 
mains the sAne. The iff slide is not used. 
The result is also a picture in cdmbination.s 
of yellow and blue, but each particular coiq- 
bination differs from that in the previous 


Fig. 12. 
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cases. To illustrate monochromasy one lantern alone is used, the color 
being left to an arbitrary choice.*’ 

The method also furnishes a remarkable analogy to the decomposition 
of th^ colors by the eye into three fundamentals and their mental recom- 
position into sensations of color. The tricolor views are taken by a 
camera used three times in succession with a differently colored screen^ 
each time. The red rays impress one of the plates, the green rays the 
second and the blue rays the third. The three negatives differ in their 
shading. Three positives are made which differ likewise, as in Figure 1 2 . 
The three positives produce views appropriately shaded when projected 
on the screen by the colored lights. The result is a recomposition in 
natural colors. The approximation to the original colors is close if the 
slides are properly made and manipulated. 

Slide making. 

The constant use of lantern views for instruction renders it necessary 
to provide an equipment for the making of slides at a minimum expense 
of time. The system which I shall describe was developed expressly for 
the rapid production of slides for class-room work and of photographs for 
illustrating books. 

The photographic section of the Yale laboratory is located directly 
under the roof and receives light from a skylight. . For work at night the 
objects to be photographed may be illuminated by burning pieces of 
magnesium tape. This luminant is used instead of electric light or lime 
iight, J:)ecause the number of photographs taken at night has been too 
small to render a regular installation profitable. • 

For photographing apparatus a table on rollers is provided. White, 
gray and black backgrounds and table covers are provided to fit on the 
top of the table. A cover is placed on the table, backgrounds and side- 
pieces are arranged and the apparatus is placed in the compartment thus^ 
formed. The table is then moved until the appropriate lighting is ob- 
tained. The choice of white, gray or black for the walls of the com- 
partment is not always an easy matter unless one has had considerable 
experience with the reflecting qualities of the metals \ white is, ho,wever, 
generally used. The strong reflections on polished metal produce sharp 
streaks of black and white. I find it generally preferable to photograph 
nickeled or burnished pieces aftjr they have been in use and have sHghtly 
lost their polish. • 

For reproducing drawings, photographs and pictures in books the 
camera is mounted on a heavy block moving on rails ; it may be raised, 
tipped sidewise or rotated at will. Loose pictures are tacked to a board 
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at the end of the rails ; books are placed on blocks and held open against 
the board by a rubber band. The adjustment of the camera can be 
rapidly performed. i ' 

When the blocks used to illustrate books are sit hand, slides can be 

^ f ■ ■ r- ■ 

printed directly from them.^ It is best to have the work done by the 
|;lass-printer in a clock factory. ' The metal portion of the cut is mounted 
on a board of a thickness suited to the particular frame used in the print- 
ing. It is inked with a fine ink (e. g., a $2 cut or extra job ink) ^ tem- 
pered to the proper consistency with Calcutta boiled oil and Japan drier. 
The precise degree of temper depends on temperature, humidity, and 
other conditions. The inking is done by a simple hand roller of the 
kind used in ordinary printing. The block lies face upward on the table 
and the piece of plain glass is placed at the appropriate distance on a 
level with it. A composition roller of glue and molasses, made a trifle 
harder than the regular printer’s roller, is then run forward on two guides. 
As it passes over the block it takes the impression. On reaching the 
glass, after one complete revolution, it transfers the ink impression di- 
rectly to it. I do not think it possible to run this roller evenly enough 
without the guides ; at any rate, it would not pay to waste time in try- 
ing it. 

The result is a print on the glass just as if on paper. Curiously enough, 
the prints on the glass are superior to those on paper from the same block. 
The positives are then finished up as lantern slides in the usual way. 

1 Scripture, uezt> method of making lantern slides. Scientific American, 1895 
LXXIII 123. 




ELEMENTARY COURSE IN PSYCHOLOGICAf, MEASURE- 

MEN'rS. 

BY 

E. W. Scripture. 

Owing to the newness of experimental psychology its methods of in- 
struction are still matters which must be determined by trial. Sanford ^ 
has developed a course of simple laboratory experiments, but otherwise 
the problems of systematized laboratory instruction remain unsolved. A 
very important problem is that of S5rstematic courses in psychological 
measurements. Among such courses there must be an elementary one. 
As the results of my experience of five years in trying to develop such 
a course may be of use, I will illustrate the methods employed by de- 
scribing some of the exercises. 

The aim of this elementary course is similar to that of the elementary 
courses in chemistry and physics, namely: education and instruction of 
the general student. It is intended to be part of the regular college edu- 
cation; among elective courses it is specially chosen by students intend- 
ing to study medicine or to teach. It is a noteworthy fact, however, 
that the subject matter attracts students who take no other laboratory 
courses of any kind. 

The student makes his own text-book with the aid of : i. sets of mimeo- 
graphed instructions which are given out at each exercise; 2. illustra- 
tions in the form of prints from blocks, blue-prints, tracings, etc.; 3. 
references for Applications and further reading to some psychological work. 
The following are copies of some of these mimeograph-sheets with ex- 
planatory remarks. The ‘‘Preliminary notes** are given out with the 
first exercise. The first few exercises are of moderate difficulty, but they 
occupy the inexperienced student for about two hours each. The later 
exercises are adapted to the increased skill of the student. Since the ap- 
plications and the bearings of the exercises can be made evident only in 
a general course on experimental psychology, the laboratory dburse is 
taken only in connection with the lecture course. Some idea of the 
verbal instruction that is given to the pupils and of what they hear and 
see in the lecture course can be obtained by referring to my New Psy- 
chology by m^ns of the topics in the index. 

^ The following exercises are selections from a set of thirty now in use. 

1 Sanford, Laboratory Course in Experimental Psychology, Boston, 1895. 

S9 
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Preliminary notes. 

M, Objects of Jhe course, — Practical training in (i) observation, (2) 
manipulation, (3) computation, (4) deduction, (5) criticism. Ele- * 
meptary acquaintance with (/r) methods of experimentation, (^) methods 
of measurement, (^•) construction and use of apparatus, (//) special 
psychological methods. Thorough appreciation of the three fundamental 
properties of scientific work: (i) accuracy, -(2) brevity, (3) neatness. 

B, Arrangement of the class. — ^The class is divided into groups of two 
persons each. Any student who wishes to do so may select the other 
member of his own group. One group begins with Ex, I. ; another 
with Ex. II., etc. At the next exercise the group that has had Ex. I. 
takes Ex. II.; the one that has had Ex. II. takes Ex. III.; etc. At each 
succeeding exercise a group takes the exercise that follows in numerical 
order. 

C. Instructions to the student. — Look at the index on the bulletin 
board ; opposite the number of the exercise for the day you will find the 
number of the room in which it has been set up. On the table bearing 
the number ol your exercise you will find two sets of printed instruc- 
tions, one for each person. Compare your set with another set marked in 
red ^‘Corrected Copy," and make any changes that have been indi- 
cated in red ink. You will also find all the apparatus of the exercise 
called for under ** Needed. * * It is set up ready for use. Begin by read- 
ing the first paragraph of the instructions and applying it to the appa- 
ratus. Take the following paragraphs singly. 

After carefully studying the apparatus and its connections take it down 
and set it iip again. In performing the experiments one person serves as 
experimenter, the other as subject. The places are then exchanged and 
the experiments are repeated. The subject is to know nothing about the 
results obtained on himself. The record must be made on the printed 
blanks.' When finished, these records are to be handed to the instructor.' 
They will be marked, the mark being given to the experimenter (who 
has prepared the record). 

The fundamental requirements for the records are accuracy aiid neat- 
ness. See that you understand all the ^‘Points to be noted.** If not, 
consult the instructor. Also see that you can answer the ‘‘ Questions.** 
It is intended iii many cases that you shall get the answers directly from 
the instructor. The student will be held responsible on all these points. 
At the bnd of the exercise place all apparatus in the condition in which' 
it was found. Do not leave until the instructor has inspected and a.p-' 
proved your work. When the whola class has finished an exercise, tho 

1 A specimen blank will be sent to any one who will ask for it. 
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final results for each student will be placed in a table and a copy of the 
table will be handed to the student^ together with his record. This 

summary * ’ and the original records are to be kept by the student. The 
exanjination at the end of the term will include some practical work. 

General instructions for computation. 

If the method of measuring is sufficiently fine, the results in a set df 
measurements will differ from each other. The average of these is the 
most probable value of the quantity. Let the results of a set of meas- 
urements on the same quantity under constant conditions be m^, Wg, 

. . . , m^. The average is 

m^ + m^+ + m^ 

It is desirable to have some expression of the uncertainty of the result 
a, and this is given by the ‘‘probable error.** The probable error is 
that error which is ^ likely as not to be exceeded, or, if r be the prob- 
able error of a, it is just as likely that the true value of the quantity lies 
between a — r and a + r as that it lies outside those limits. Thus, if 
the average be written a±r the probable error r furnishes an index of 
the uncertainty of a ; the smaller the value of r, the greater is the pre- 
cision of the average a. In works^ on the theory of errors it is shown 
that the probable error r is given by the expression 

r= 0.6745^ ' — fL 

in w^jich ... y are the residuals found by subtracting the indi- 
vidual measures from the average, thus ^ — ;;/g, . . . , 

As an example let there be ten measurements made with equal pre- 
cision upon a single quantity giving the results m^^ 10, ///g*® 14, etc. 
The computation is as follows : 


m 

V 

v * 


10 

1.2 

1.44 


14 

2.8 

7.84 


16 

4.8 

23.04 

i/a 9 i = o ;95 

8 

3-2 

10,24 

14 

2.8 

7.84. 


6 

5-2 

27.04 


12 

0:8 

0.64 ^ 

%X 0.95 = 0-63 

10 

1.2 

1.44 


12 

0.8 

0.64 

^±=11.2 tb 6.6 

10 ‘ 

1.2 

1.44 

10)112 


9)81.60 


0 = X 1.2 


10)9.07 
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Here the average is 11.2 and its probable error is 0.6 ; that is^ it is as 
likely that the true value lies between 10.6 and 11.8 as that it is less than 
10.6 or greater {han 11.8. If the observations had been such as to have 
given ^3= ii.2=bo.9 the average 11.2 would be much less precise than 
in the above, case.' 
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Exercise I. — ^Threshold of touch. • 

(Needed: touch- weights, cross-section paper, flexible ruler.) 

Apparatus, 

The set of touch-weights consists of small cork discs weighing from 
2“® upward; they are attached by fine threads to small handles.* The 
weights are marked on the handles. 

Experiments, 

The subject, with eyes closed, places his left hand, palm upward, on 
his l^ee. He is to tell when he feels himself touched. The experi- 
menter gives the warning ** Ready ** and, about 2 to 5 sec. later, lowers 
the lightest disc gently till it touches a certain spot on the skin, e. g., 

H aiA under great obligation to Professor Mansfield Merriman (author of Text- 
book on the Method of Least Squares ” ), of l^high University, for assistance in present- 
ing the methods of computation. 

* See Fig. 57 of SCRIPTURF., Thinking, Feeling, Doing. 
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the tip of the index finger ; the disc is allowed to rest on the skin for 
about I*. The experiment is then repeated with the next heavier disc, 
and then with the other discs in succession. A check is* made in the ap- 
propriate column of the record blank for each disc as it is felt. The 
whole experiment is repeated 10 times. . * 

After the whole set of experiments has been made the number of the 
first disc felt in each experiment is recorded in the column headed 
and the number of the disc beyond which all were felt in the column 
headed The average is calculated for each set. The former of the 
two averages may be called the lower threshold, the other the upper one. 

Specimen record. 

Title of investigation, llireshold of Apparatus, Touch- weights, 
touch. Date, October 5, 1896. 

Experimenter, T. C. McGraw. Unit of measurement, milligram. 

Experimented on, W. K. Chisholm. 
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There is evidently a relation between the weight of the disc and the 
number of times it is felt, het the number of times be expressed as a 
fraction, e. g., a percentage, of the total number of experiments, and 
suppose the number of experiments to have been very large with the same 
results. Let this fraction, or percentage, be expressed in the form of a 
curve, where x denotes the weight of the disc and y denotes the relative 
frequency with which it was felt. The curve will be one of the forms 
shown in the accompanying figure. For an extremely sensitive person 
the curve will be very steep, like that to the left ; for persons of less 
sensitiveness it will be flatter. 

The experimenter is to plot the curve for his own record. The plot- 
ting is done on cross-section paper ; this is paper ruled with horizontal and 
vertical parallel lines. On one of the horizontal lines lay off the scale of 
weights 2, 4, etc., with any convenient distance as the unit. On one of 
the vertical, lines lay off a scale of percentages with any convenient dis- 
tance as the unit. For each weight count upward above its place 
on the horizontal axis a number of spaces corresponding to its per- 
centage the ruling of the paper into spaces in groups of 5 and 10 
makeMt possible to do this rapidly. Connect each dot to the fol- 
lowing one by a straight line. The fluctuations of this line are 
* due to cirregularities in the experimenting and to the smallness of 
the number of experiments. The true relation of percentage to weight 
will more closely indicated by a smooth line, \vhich can either^ 
be drawn by the free hand or by aidjusting a flexible ruler so as to 
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pass smoothly among the dots, Owing to the fact that the number of 
experiments was only 10 instead of an infinite number, the actual curve 
will differ from the theoretical one j with 100 or loocf experiments it 
would approach the theoretical one more closely.. 

T& compare the degrees of sensitiveness of different persons, two 
quantities can be used : either the disc that corresponds to a certain per- 
centage, say 75%, or the percentage for a certain disc. To use either 
effectively a large number of experiments would be required ; the calcu- 
lation of the average of the two thresholds as found above gives a suffi- 
ciently accurate figure. It is evident that the higher the threshold the lower 
the sensitiveness ; in fact, probably the only proper definition of “sensi- 
tiveness” is “the reciprocal of the threshold.” “Reciprocal” of a 
quantity means i divided by that quantity. Thus, if two persons have 
thresholds of a! and a” respectively, their degrees of sensitiveness will be 
i/rtf' and i/a". 

, Points to be mted. 

I. Note that the uncertainty of the threshold is indicated by the size 
of the probable error. 2. In the curves given in the figure, y is said to 
be a function oi x. This is expressed by^=:/(;ip). The particular 
curves assumed in the figure are taken from the science of probabilities. 

Questions. 

I. How would you define “ threshold ” so as to fit all kinds of sensa- 
tions? 2. What are presumably some of the mental conditions of the 
subject that contribute to his probable error ? 


Exercise II. — ^Skin space. 

(Needed: two aisthesiometers, millimeter scale. ) 

Apparatus. 

In its simplest form the aesthesiometer is a pair of dividers with blunt 
points. The points are made of hard rubber, in order to eliminate sen- 
sations of temperature. 

. Experiments. 

A. Open the sesthesiometer several centimeters. Touch the two points 
simultaneously to the cheek in a vertical direction ; they will be felt as 
two. Repeat the experiment, •reducing the distance between th^ points 
each time. To maintain the unprejudiced condition of the subject, in^ 
sert occasional experiments with only one point touched to the skin. The 
subject is to state each time whether he feels one point or two. Con- 
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C' 

tinue the experiments till a mistake is made in feeling two points as one. 
Now apply the aesthesiometer to the scale and record the distance be- 
tween the points. Repeat the measurement ten times. Find the average 
and average variation. ^ 

J?. Repeat the experiments of A on the back of th^ neck in a vertical 
direction. 

C: Adjust one sesthesiometer to 30"“ as a standard. Apply it for a 
moment to the cheek of the subject. Adjust the other sesthesiometer to 
an arbitrary distance. Apply it likewise to the cheek. The subject is 
to say whether the second distance was greater or less than double the 
first. According to the answer adjust the second sesthesiometer differ- 
ently and repeat the experiment. Proceed as in the first sesthesiom- 
eter being kept at the constant distance of 30““* and the second being 
gradually changed till a judgment of ‘‘equal to double the first is ob- 
tained. Take ten records. 


Specimen record, 

A B C 


m 

V 


m 

V 


m 

V 

tA 

23 

0.8 

0.64 

31 

4.3 

18.49 

41 

2.6 

6.76 

21 

2.8 

7.84 

32 

3-3 

Z0.89 

39 

4.6 

21.16 

25 

1.2 

1.44 

30 

5.3 

28.09 

40 

3.6 

12.96 

23 

0.8 

0.64 

40 

4.7 

22.09 

45 

2.4 

5.76 

26 

2.2 

4.84 

45 

9-7 

94.09 

48 

4-4 

19,36 

21 

2.8 

7.84 

38 

2.7 

7.29 

45 

1.4 

1.96 

27 

3-2 

10.24 

31 

4.3 

18.49 

40 

3*6 

12.96 

26 

2.2 

4.84 

31 

4.3, 

18.49 

49 

5-4 

29.16 

23 

0.8 

0.64 

41 

5-7 

32-49 

51 

7-4 

54-76 

23 

0.8 

0.64 

34 

1.3 

1.69 

38 

5.6 

3 *- 4 ^ 

23.8 


9)39.60 

35-3 

9)252.10 

43-6 


9)196.20 



10)4.40 



10)28.01 


■ • 

iojn.80 



“044 



2.80 



2.18 

Vo. 

44 = < 

x66 

Vi 

1.80= 

1.67 


:i8 = 

= 1.48 


0.66 = 

= 0.44 

MX 

16.73= 

= I.IE 

%X 

1.48 

= 0.99 

a = 

23.8 4 : 0.4 

a = 

35-3 ill 

a=s 

43-6 

±1.0 


Points to be noted, 

I. Note that the results depend somewhat on the skillfulness of the ex- 
perimenter. 2. Note that psychologically double does not necessarily 
correspond to absolutely double. 

ft Questions, «* 

1. What improvements would you suggest in the apparatus and the 
method of experimenting ? 2. How.would you express the relation be^ 

tween space on the cheek and space on the neck in your experiments ?« 
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Exercise III. — ^Arm-space. 

(Needed : arm-space board, cross-section paper. ) 

Apparatus. 

In tile arm-space board ^ a wooden scale carries along its upper edge & 
small glass rod. At the zero point in the middle there is a fixed metal 
plate. On each side there is a movable slide carrying an adjustable 
pointer. Before the experiments the pointers are pushed forward as far 
as possible. 

Experiments. 

A. The apparatus is placed on a table with the scale away from the 
subject. The subject, seated with eyes closed or covered, places his 
forefingers against the zero-plate, one on each side. 

B. The experimenter moves up the two slides to the fingers till they 
press gently. The pointers strike the zero-plate and are pushed back 
automatically. This eliminates the errors due to the width of the finger, 
as all readings are to be taken from the end of the pointer. 

C. The subject places himself directly in front of the zero-mark and 
closes his eyes. The experimenter places the left-hand (referring to the 
subject) slide at a certain distance The right-hand slide is moved 
out of the way. The subject moves his left fore-finger evenly outward till 
it strikes the slide, and then returns it to zero. The experimenter quietly 
moves the slide out of the way, and the subject then moves his finger 
again till it seems to be in the same place as before. The experimenter 
now moves the slide up till it touches the finger and reads the record at the 
end of the pointer. The tenths of a centimeter are estimated by the eye. 
The result in millimeters is placed in the column of the record blank. 

Some other distance is now chosen and the experiment is repeated, 
giving a result m^. Likewise d^, d^ and d^ are used. The five distances 
are chosen as follows: 100, 200, 300, 400, 500 millimeters. The ex- 
periments are performed in this order: from d^ to //g, from d^ to d^^ 
from d^ to //j, from d^ to d^. Eight complete sets are made, giving 
eight records for each distance. Find the averages and probable errors. 
Denote the averageif by a^, a^, . . . , a^. The difference between 
the given distance and the average result for that distance fe the 
constant error of the estimate. There are thus five constant errors, 
c^^a^--d,, . . ., Cg=ag-^g. The constant error 
expresses the average inaccuracy fn reproducing the given distance. •The 
probable error expresses the irregularity. Both these quantities depend 
on^the values of d. ■ 

* New Psychology, Fig. 44, 
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To make plain the laws of dependence, the results are to be expressed 
in two curves and F (a?) where • • • > ^5 

y and Y are the constant errors and the probable errors. To draw 
these curves a certain distance is selected on the cross-section paper to 
represent and the points </,, d^, . , . , d^ are laid off on the hori- 

zontal axis. Any convenient distance is chosen fory = i and the ordi- 
nates fory^yy^, ... are erected. On joining the tops of these ordinates 
by a line the curve of results is indicated. The relation of 1^, 1^, ... , 
to d^y d^y ... y d^ Is lodicated in a similar manner. 


Specimen record} 


d. 

= 100 


200 

fl*i = 30 o 


d^ = 400 


1i 

8 





"^8 

V 


V 



los 

79.21 

193 

6.25 

267 

334.89 

355 

723.6X 

454 

«S 3-*6 

xz6 

26. ox 

197 

2.25 

28 x 

18.49 

381 

o.8x 

494 

2X.x6 

zxo 

o.8x 

189 

42.25 

297 

136.89 

399 

2 ^ 2 . 4 X 

473 

268.96 

107 

> X5.2X 

20X 

30.25 

285 

0.09 

398 

259.2X 

505 

243.36 

zo» 

8.4X 

195 

0.25 

280 

28.09 

371 

XI8.8X 

487 

5 - 76 

«S 

X6.81 

195 

0.25 

269 

265.69 

393 

I23.2X 

500 

1x2.36 


9.61 

X96 

0.25 

30s 

388.09 

408 

68X.2X 

507 

309.76 

ZZ 2 

• I. 2 X ' 

X97 

2.25 

298 

I6X.29* 

350 

xbx7.6x 

495 

31.36 

8I887 7^157-28 8)1564 7)84.008)2282 7)X333«S2 8)3055 7)32x6.888)39x5 7)2245.88 

xxp.9 8)22.47^ 

*9S"S 8)ia.oo 

28 S .3 

M 

00 

381.0 

8 ) 4 S 9 .SS 

489.4 

8)320.84 


2 . 8 X 


1.50 


^ 3.79 


57-44 


4 P.XX 

« 


^ The student need not record the residuals v but should* at once write the s^uarei^ v** 
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✓2.81==: 1.68 
1-68 = 1.12 
<Zj = I10.9rb I.I 

1:, = 4. 10.9 

JTjJisI.l 


✓ 1.50=1.22 
1-22 = 0.81 
«2== 195-5 ±0-8 
^2 = — 4-5 
r, = o.8 


1^57-44=7.58 
7.58 = 5-05 
04= 381.9 dr 5-1 

= — 18.1 
r,= 5 -i 


✓23.79=4.88 

5^X4.88 = 3.25 

(7, = 28 s.^± 3-3 
f,=— 14.7 

»» = 3-3 


✓40.11 = 6.33 
%X 6-33 =4.22 
«»= 489-4 ±4-2 
^5 = — 10.6 
^5 = 4-2 


For ^/= 100, 
dr=200, 
^=300, 
//=400, 
1^=500, 


=/C^) 

^ = + 11 
r= — 7 

^=— 15 

^=~l8 
^■ = — 11 


r=F(,d) 


100, 

r=i.i 

200, 

r = o.8 

300, 

^= 3-3 

400, 

' r=5.i 

500, 

II 


Points to be noted. 

I. The method of getting tenths by the eye is in this case convenient 
and accurate. 2. Automatic elimination of a constant error (width of 
the finger) from the readings. 3. Equaliiting the influences of fatigue, 
practice and other progressive errors by changing systematically the 
order of the experiments. 


Questions. 

I. If the probable errors were directly proportional to the values of 
d, what form would the curve take ? 2. What would a recorded constant 

error or a probable error of o mean ? 


Exercise IV. — Memory; 

(Needed : two sets of geometric figures, two bands of syllables, two bands of colors, 
revolving cylinder, screen and metronome. ) 

Apparatus. 

The metronome is a convenient pendulum arrangement for marking 
off intervals of time when great accuracy is not required. The clock- 
work is wound by the screw at the side ; the cover is removed frofn the 
front ; the pendulum is released and the weight is set at sixty. Wfien 
started, the metronome will mark off seconds. 

The two cards for the experiments with figures are in separate envelopes, 
one for each subject. , The experimenter takes the envelope containing 
thj card which he is to use on the other person as subject. The subject 
must not see beforehand the card that is to be used on him. 
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loo 

The revolving cylinder is moved by clockwork, which is kept wound 
by the appropriate key. It is started by releasing the br^e. It revolves 
once in lo seconds.^ 

One band of syllables and one band of colors will be foimd in, each 
envelope with the card mentioned above. . 

A screen is placed before the cylinder so that only one syllable or color 
is seen at a time. 

ExpeHnients. 

A, A pad of blank paper is placed before the subject. The experi- 
menter holds the card with figures and at a beat of the metronome he 
shows it to the subject, counting o, i, . . . , lo and turning down the 
card at lo. The subject immediately tries to reproduce on the blank 
paper all the figures he saw. The paper is numbered and handed to 
the experimenter. The card is again shown for lo seconds and the sub- 
ject again tries to reproduce the figures. This is repeated until all are 
reproduced correctly, unless success is not reached before the 15th trial, 
at which point fatigue generally begins. A record is made of how many 
were reproduced correctly in shape and arrangement on each trial. 

E, The band of syllables is slipped on the cylinder. When it is set 
going it exposes one syllable per second through the screen. During the 
first revolution the subject calls off each syllable as he sees it ; thereafter 
he tries to call off each syllable just before it appears, correcting himself if 
wrong. The experimenter notes the number of revolutions performed 
by the drum. ^ This is continued until all are called off • directly or until 
the 20th revolution. The number of revolutions is recorded. •* 

C. The band of syllables is replaced by the band of colors and the 
experiment is repeated. The subject notes and recalls the colors as much 
as possible by visual memory and does not attempt to name them. 

Points to be noted, 

I. Difficulty of remembering without making external associations. 
2. The prominence of- motor and auditory elements in B and C, 

• Questions. 

I,* What would be some of the problems of memory that might be an- 
swered by the experiments with syllables? 2. What sources of inac- 
curacy *do you notice in the methods of experimenting ? 

\ln case the kymograph is used, it is properly ^justed by the instructor beforehand. 
The study of the kymograph, which is too diffitult for the student at this point, is brought 
forward in Exercise Vlll. * 
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Exerqse V. — ^Illusion of length. 

(Needed : illusion board, millimeter measure. } 

Apparatus, 

TRe illusion board is made as follows. A strip of celluloid is tacked 
at the comers to a board i foot x 9 inches (30®” x .23®“) large. The 
opening ABCD is cut in it. Six celluloid strips are prepared, such thrft 
they can be slipped under the left-hand edge of larger sheet and appear 
in the opening with one edge crossing at the middle PQ, Six some- 



what ’longer slips are prepared, such that they can be slipped under the 
right-hand edge and extended past the middle under the shorter slips. 
The shorter slips bear diagrams of the kind shown to the left in Figure 
16 ; the longer ones bear diagrams of the kind shown to the right. . Six 
pairs of slips are used with diagrams of the forms indicated in the follow- 
ing list ; the slant lines are called angle lines.” 


Mark on the card 

a 

b 

c 

d 

e 

/ 

Length of angle-line, in millimeters 

30 

30 

30 

15 

30 

60 

Angle between angle-line and horizontal 

15° 

30® 

60® 

30° 

30® 

30® 


The length of the constant horizontal line is nbt to be measured until 
all experiments are completed. 

Experiments, 

A^, The slips marked a ard inserted in the manner described. The 
subject holds the board directly in front perpendicularly to the line of 
j^isioh at the ordinary reading distance. He moves the longer slip until 
the tvo parts of the horizontal line appear equal. He then hands the 
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board to the experimenter^ who measures records the result, pulls the 
longer slip out slightly and hands the board back. 

The experiment is repeated with N on the left-hand side. 

The slips marked b are used as in 
'B^. As in with to the left. 

C,. Slips Cl JV to right. 

C;. left. 

“ di “ “ right. 
iii ‘‘ left. 

E^, ** right. 

£^. “ ei ‘‘ left. 
ic right. 

'' - /i “ “ left' 

Each record is made in a separate column on the blanks. The experi- 
ments are performed four times in the following order : i, A ^ to E^ (as 
in the list above) ; 2. E^to A^; E^ to A^; 4. A^ to E^ 

ft 

Computation, 

1. Find the average for each column, writing the results in whole 
numbers. 

2. Find the averages for A^ B^ etc., thus: 



3. Measure M, 

4. Find A — M, 1^ = B M, etc. Do not disregard thg sign. 
The results 4, 4, 4 give the amount of the illusion as a function of the 
angle, or /=/(i?). The results Ij,, 7 ^, Ti. give the amount of the 
illusion as a function of the length of the end lines, /= E{S), 

Points to be noted, 

I. Notice carefully the system on which the experiments are arranged, 
in order to equalize the effects of progressive errors. 2. Notice that an 
orderly arrangement of the slips on the table and an appropriate routine 
in performing the experiments are conducive to the saving of time. , 


iftesults for 13 students in 1896 were as follows : 


Subject. 

A 

B 

C 

D 

F 

G 

H 

I 

j 

0 

P 

Q 

S 


90 

95 

83 

84 

71 

ax 

84 

81 . 

81 

92 

9 P 

88 

82 

B . 

97 

99 

83 

84 

75 

83 

86 

86. 

8s 

93 

93 

88 

86 

C 

97 

100 

90 

85 

79 

87 

90 

92 

88 

96 

92 

90 

83 

D 

96 

100 

84 

88 

78 

86 

90 

87 

85 

96 

95 

92 

»5 

E 

96 

98 

79 

80 

75 

8S 

87 

82 

83 

92 

92 

86 • 

80 

F 

97 

96 

80 

82 

69 

84 

86 

82' 

84 

9 J> 

• 92 ^ 

89^ 

80 
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Questions, 

I. What are ‘^progressive errors?** Mention some, 2. Why not 
omit the experiments under E^ and E^ and substitute in /= /(5) the 
values from and ? 3. How would you compute the results in order 
to determine the difference in the illusion between -AT to the right and PT 
to the left ? , 


Exercise VI. — ^Threshold of intensity for sound. 

(Needed : differential audiometer, telephone,. battery of i A, i. e., of i ampere.) 

,^pparatus.^ 

The audiometer comprises two primary coils at the ends of a base and 
a movable secondary coil in the middle. The wires from the battery are 
brought to the binding posts at one end of the apparatus. The current 
passes around the one primary coil clockwise and then around the other 
counter-clockwise. When this current is broken by the key at the other 
end of the apparatus, a momentary current is aroused by each primary 
coil in the secondary coil. 

The telephone is connected with the secondary coil. Place the 
secondary coil close to one of the primaries ; hold the telephone to the 
ear and, gently moving the key, note that the induced current produces 
a Souild. Repeat with the secondary close to the other primary. 

Since the primaries are wound in opposite directions the induced cur- 
rents must be in opposite directions. Consequently the sound dimin- 
ishes^from its maximum loudness at either end to zero at the middle. 

Experiments, 

A, The secondary coil is placed sufficiently- near the primary to give 
a distinctly audible sound. The subject holds the telephone to the right 
ear and closes the left with the finger. He sits with his back to the ap- 
paratus. 

The experimenter repeatedly interrupts the current by slightly moving 
the key. The subjects responds whenever he hears the click in the tele- 
phone. The secondary coil is slowly moved toward the middle until the 
silbject first loses the sound. The sound can be regained frequently after 
it has been lost, but this is disregarded. The graduation is in millimeters. 

B, The secondary coil is started at the middle and moved till the sub- 
ject first hears the sound. 

The left ear is tested in like manner. 

* A brief description of the simplest form of the lamp battery (see p. 77 ) is given at 
this point ; thg extra-circuit battery appears in Ex. XV. 
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Computation. 

Find the averages for A and B for a set of four experiments alternated, 
so ^ to equalize progressive errors. ' ’ 

Find the general average \ denote it by t 

* These values represent the faintest perceptible sound, or the threshold, 
under the particular conditions of the experiment.* 

If the average value far normal individuals is T, then the subject’s rela- 
tive deafness can be stated as or his sharpness of hearing as 
I 7 

^sas — ss With this particular apparatus and i ampere of current, 
2 "= 200 


Points to be noted. 

. I. The scale is a purely arbitrary one. 2. The sound is very little in- 
fluenced by any changes in the current. 

Questiofis. 

I. How would you define sensitiveness to sound?” (See Ex. I). 2. 
What sources of error are possibly present ? 

Exercise VII. — Dynamometry of voluntary action. 

(Needed : finger dynamometer, piston recorder, rubber tube, air valve, simple record- 
ing drum, smoking and varnishing arrangements, screw-vise. ) 

Apparatus. 

a. The dynamometer.^ This consists essentially of two spring-steel 
rods, rigidly fastened in a base block. These rods can be deflected in- ' 
ward by pressure on two small knobs. The extent of the deflection is 
indicated on a scale at the ends. This scale has been graduated by ac- 
tual trial ; the unit is the kilogram. 

^ The following results were obtained from 16 students in 1S96 ; the unit is the centi- 
meter. 

Subject ABDEFHI JKLMOP QRS Average. 
R' h\ J 22 17 21 17 25 27 17 18 26 16 44 26 12 12 11 13 20 

^ ( 19 27 27 23 25 29 19 23 25 18 36 27 14 II 19 15 22 

(A 20 ly 22 18 23 22 28 19 25 17 25 17 II 11 19 14 19 

20 19 26 20 25 22 26 28 24 ^5 25 19 12 11 20»i6 21 

*See*New Psychology, Figs. 4 and 24. 
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A glass cylinder is attached to one of the rods of the dynamometer ai)d 
a rubber piston is connected with the other rod by an aluminum bar. As 
the rods are pressed together the air of the cylinder is &rced out through 
a nibber tube attached to the bottom. This cylinder is called the receiv- 
ing cylinder. . 

h. Piston recorder. At the other end of the tube is the recording cyl- 
inder, constructed similarly to the receiver. The piston of the record- 
ing cylinder is connected to an aluminum lever which is lengthened by a 
very light straw rod ending in a fine quill point. As the air, driven out 
from the receiver, is forced into the recorder, the quill point must repeat 
on a highly enlarged scale the movement of the rods of the dynamom- 
eter. There are various adjustments on the recorder for changing the 
amplification, for placing the point higher or lower, for making the plane 
of' movement tangential to the surface of the drum, for adjusting the cyl- 
inder, etc. 

Each piston is rendered air-tight by a drop of oil. The valve in the 
rubber tube serves to let air out or in when it is desired to change the 
position of the recording point. 

c. Recording drum. This is a carefully turned brass cylinder, revolv- 
ing on an axis. The drum is first placed with its axis horizontal. The 
end of a sheet of glazed paper is moistened with paste. It is then 
stretched tightly and smoothly around the drum and the pasted end is 
lapped over the other one. This makes a tight band of paper around the 
drum ; no paste should be allowed to get on the drum itself. A gas 
flame is held beneath the drum so that it deposits soot on the paper ; the 
drum is slowly turned in order to keep the paper from burning. 

d. Adjusting the apparatus. The drum i^ placed so that its axis is 
vertical. The quill point of the recorder is. brought near the smoked 
surface by moving the support and by adjusting the screws that hold 
it. Then the point is brought into light contact? with the surface by 
turning the adjusting screw at the side. The lever should be as nearly as 
possible at a tangent to the surface of the drum. As the drum is turned, 
a line is drawn in the smoke by the quill point. 

The dynamometer is held between the tips of the thumb and index 
linger; the base block rests lightly in the palm of the hand. A •comfort- 
able position is found and the eyes are closed. 

Experiments. 

A. Scale of effort. At the word ^"One** from the experimenter the 
subject ‘presses the dynamometer lightly. At the word Two * * he presses 
itj:wice as hard as before ; at ‘‘ Three ' ’ three times as hard and at ‘ ' Four * * 
fov tiipes as Ij^rd. 
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c When this has been done a number of times in order to familiarize the 
subject witti thft experiment, the experimenter gives the drum a slight 
turn before each pressure so that the records are separated distinctly.’ . 
Fiv^ sets of four marks each are thus obtained. t 

The dynatnometer is placed in a screw vise so that the cheeks of the 
vise take the places of the hngers of the subject. The drum is turned so 
that the quill point is at the first record. The vise is screwed up till the 
point has moved as far as the original record; the number of kilograms 
corresponding to this movement is read off from the scale. The tenths 
of a kilogram are estimated by the eye. The result is recorded in the 
first column of the record blank. The drum is now turned till the point 
is opposite the second record ; the vise is screwed up and its value de- 
termined as before. The result is placed in the second column. In the 
same manner all the records are determined, the results being placed in 
the columns i, 2, 3, 4 according to the original intention of the subject 
in exerting the pressures. 

In each set of records the pressures were intended to stand in the re- 
lation of I, 2, 3 and 4 ; the actual relations are found by dividing each 
record of a set by the record for the first pressure in that set. Thus the 
records i.i, 1.8, 2.4, 3.2 stand in the relations of i.o, 1.6, 2.2, 2.9. 
This is done separately for each set. The results for each pressure are 
averaged. The following is a specimen record. 


Mental scale of pressure 

I 

II 

III 

IV 

Actual pressure exerted 

I.I 

1.8 

2-4 

3-2 


1.8 

2.1 

2.8 

3 - 7 c 



1-9 

2.5 

3.3 


1.0 

1.8 

2.4 

31 


. 1-3 

1-7 

2.5 

3.5 

Relative pressure exerted 

1.0 

1.6 

2.2 

2.9 

% 

1.0 

1.2 

1.6 

2.1 


1.0 

1-5 

1-7 

2.5 


I 0 

1.8 

2.4 

31 


1.0 

1-3 

1.9 

2.7 

Average 

I.o 

1-5 

2.0 

2.7 


The experiments are repeated, beginning with a very strong pressure 
and proceeding in the the order ^^Four,*' Three,” ^‘Two,” ‘‘One.” 

jB, Curve of fatigue. The preparation's are made as before. At the 
word ‘.‘Go” the subject presses on the dynamometer as strongly as 
possible and maintains the pressure at its maximum until told to stop. The 
experimenter keeps the drum turning slowly for 10 sec. l)y the watch^ 
thereupon he calls “Stop.” The line traced upon the drum shows the 
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fluctuation in the maximum amount of effort. The fatigue curve is found by- 
drawing a horizontal line from the highest point at the.beginning of the 
record and then turning the record bottom up ; the curve then runs, of 
coiyrse, from right to left. The amount of fatigue is to be found by.tak- 
ing readings at the beginning and at the end of the curve ih the manner 
described under A, , 

C Diversion of energy. The preparations are made as before, but in- 
stead of closing the eyes the subject keeps them fixed on a printed page. 
At the word *‘Go” he is to press as hard as possible; this maximum 
pressure is to be kept up without any relaxation till the end of the experi- 
ment. Shortly after starting the experimenter calls Read ** and at the 
same time makes a check on the drum near the quill point by means of a 
small stick or a pencil. The subject begins reading aloud at the signal and, 
without relaxing the pressure, continues to read until the words Stop 
reading.**^ 

D, Preserving the record. The drum is placed horizontally, the paper 
is slit across, one end is caught by a clamp, the sheet is run through a 
solution of shellac and is hung up to dry. 

This shellac solution is contained in a large bottle at the varnishing 
stand. I^ift the bottle from the lower shelf and place it on the upper one. 
The varnish runs through the rubber tube and floods the varnishing tray. 
The shellac solution is composed of i part by volume of saturated solu- 
tion of shellac in alcohol and 4 parts of 95 % alcohol. In running the 
sheet through the solution get the fore edge of the sheet under the solu- 
tion first and keep the smoked side upward. After the sheet has been 
vardished, the bottle must be replaced on the lower shelf ; the varnish 
runs back into it and is kept from evaporation. 

Points to be noted, 

I. Possibility of establishing mental scales. 2. The falling off in 
the effort in what is meant by ‘‘fatigue” in this case. To call it 
“the effect of fatigue ” would bring in assumptions not justified by the 
experiment ; a scientific definition must start with the facts as immedi- 
ately given. 

Questions, 

I. How was the standard physical scale established ? 2. Wha^general 

conclusions would you draw concerning mental energy ? 3. How many 
adjustments can you point out on the piston-recorder ? 


Such a record is shown in Fig. 48 of The New Psychology. 
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ExERasE VIII. — -Rhythmic movements. 

(Needed: Jac^uet graphic chronometer, kymograph, Marey tambours, upright 
wooden scale, paper, smoking and varnishing arrangements, 2 standards. ) 

Apparatus. 

a. Graphic chrofiometer. This is essentially a fine stop watch with a 
tecording point and electric contact. The smaller dial indicates seconds, 

' the larger one minutes. The chronometer is wound by the screw at the 
back ; it will run for 4*" without error due to laxity of spring, or (P with 
a small error. The catch b at the bottom,, when moved to the right, 
starts the chronometer ; when to the left, stops it. Pressure on the catch 
a at the side returns the hands to The recording point d makes 
a movement once a second, or five times a second, according as the 
catch c at. the back is pushed in or pulled out. The extent of the move- 
ment of the recording point is regulated by the screw e beneath it. 
When the chronometer is placed vertically the weight of the recording 
lever is sufficient to bring it back when moved, but when it is in a 
horizontal position the screw f at the right-hand side should be made 
to bear lightly on the spring at the opposite end of the lever. The chro- 
nometer is held on the support by the screw /. When used with the 
drum, it is brought near the surface at a tangent by moving the support ; 
the finer adjustment is then made by turning the screw m in front. 

b. Kymograph, This is a recording drum moved by clockwork. It 
differs from the hand-drum by having its speed so carefully regulated 
that, when its rate of revolution is once determined, it can be depended 
upon to maintain that rate with a high degree of accuracy, provided the 
spring is kept wound up to about the same tension and the whole ap- 
paratus is in perfect order. The lettering used in the following instruc- 
tions will be found painted on the apparatus at the appropriate points. 

First place the drum in the separate horizontal support as in Ex. VII. 
Place some paste on one end of the sheet of glazed drum-paper. Stretch 
the paper around the drum tightly and bring the pasted end over the ‘ 
other end. Coat the paper with smoke by holding a gas flame close be- 
neath it. 

Lift the drum from the support, grasping it around the ring O at theend. 
Raise the spring G of the kymograph by the arm F till it catches. Let 
the end of the drum-iaxle drop into the socket P. Bring the groove of 
the ring O up till it catches on the wlyeel at the end of the arm N. 
Bring the top of the axle just below -the socket held by Gy and let F 
snap. The drum is now in position ; it should be turned till the project- 
ing point at the bottom of the axle catches in a notch of the spring P. 
If the kyinograph is not firm upon the table, adjust the leg^^. 
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^ Wind up the clock-spring by the handle A. Move the brake E in 
order to release the governor D. When the screw B is tight the drum 
will turn with the clockwork \ when it is loose, the drum is disconnected. 
The connection of the clockwork with the drum axle is established by 
the large friction disc which presses against the small friction roll X, 
When handling the drum, always disconnect it by turning B ; this keeps 
|he friction disc from being ground by chance movements of the roll X, 
The speed of the friction disc is changed by different combinations of 
the gears of the clockwork. The case of the clockwork can be opened 
by turning two projecting screws at the side. There are two gears that 
move sidewise on their axles, a lower one (white stripe), and an upper 
one (red stripe). The following table gives the speeds approximately ob- 
tainable by the different combinations. 


SPEED 

NAME. 

POSITION OF 
LOWER WHEEL. 

POSITION OF UPPER 
WHEEL. 

FRICTION ROLL AT 
LOWEST POINT. 

FRICTION ROLL AT 
HIGHEST POINT. 

I 

Left. 

Right (weak spring). 


12“ 

II 

Uft. 

Left (medium spring). 

6“ 

45* 

III 

Left. 

Middle (strong spring). 

2“ 

. 15* 

IV 

Right. 

Right (weak spring). 

12“ 


V 

Right. 

Left (medium spring). 

40 " 

5* 

VI 

Right. 

Middle (strong spring). 

i6» 

2* 


There are three sets of springs for the governor ; that set should be 
chosen wliich allows the wings of the governor to take a middle position 
when in motion. When the upper wheel is in the middle positiori the 
screw C should be turned so as to bring the little wheel at the end of the 
arm into position between the largest and smallest cog-wheels. 

The intermediate speeds between the figures in the table are obtained 
by moving the roll X by means of the screw R, An index connected 
with X moves over a scale so that a speed once found can be reproduced 
by direct adjustment of the index to the same point ; to avoid back-lash 
the adjustment should be made in the direction from zero upward. Adjust 
the kymograph for this exercise to about 20” for i revolution. 

€. Tambours, The essential principle of the tambour is found in its con* 
structibn as a metallic air-chamber with a rubber top and a side tube. 
There are two tambours, the receiver and the recorder. 

Any desired movement may be communicated to the straight lever (z) 
of the re&iver (2). This lever communicates the movement to the air 
inside by its varying pressure on the rubber top. The movement of the ^ 
air is communicated along the rubber tube (3) to the recorder (5). Thj^. 
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rubber top of the recorder moves in response to the movements of the air, 
and the light curved lever (9) resting on it consequently repeats the* 
movements of the straight lever of the recdver. The point of connec- 
tion (8) to the recording lever can be moved so as to obtain different de- 
grees* of amplification \ the body of the tambour is kept centered benekh 
the poiitt of connection by a screw (6) at the back. For the present ex- 
ercise any convenient amplification is used. The position of the point , 
on the drum is adjusted by the arm (7) which moves the fulcrum. The 
valve (4) is used as in Ex. VII. 

Experiments, 

A. Getting the time-line. The drum is set in motion. The graphic 
chronometer, adjusted to beat seconds, is placed on the upright support. 
The support is moved till the recording point nearly touches the smoked 
surface at sL tangent. The point is brought into light contact by the ad- 
justing screw. The chronometer thus traces a line with checks at inter- 
vals of I*. The chronometer is then carefully removed and placed in its 
box. 

B. Recording an instinctively chosen rhythm. The recordinjg tambour 
is placed so that its point draws a line on the drum. The receiver is ar- 
ranged with its lever in front of a vertical scale. 

The subject takes the straight lever between thumb and finger at the 
point marked in black. He is to move it up and down as regularly as pos- 
sible over a distance of about 3®“. By regularly is meant evenly and 
at regular intervals. While this is being done, the experimenter allows the 
drum^o make one revolution. By turning the handle the drum is 
then lowered sufficiently for another record. , 

C. Recording an arbitrary rhythm. 'Fhe subject tries to beat twice as 
fest as before. 

Computation. 

The drum is lifted out of the apparatus by grasping it around the 
ring and raising the lever G. It is placed in the horizontal sup- 
port. The experimenter writes oh it with a pointed instrument the 
name of the subject, the date and the time. With the point of a 
knife the paper is slit across, the thumb being kept over the beginning of 
the slit in order to keep the paper from falling. The end of the paper 
is caught by a varnishing clamp. The paper is run through the varnish- 
ing solution of shellac and hun^ up^ to dry.^ 

t Observations connected wUh this experiment led me to report {^Science ^ 1896, n. s. 
ly 535)> the following law, subject to amplification and correction by further experi- 
nienj. The. probable error (all apparatus errors being negligible) is a good measure of 
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When the paper is dry the lower’ edge containing the time-record is cut 
^ off to serve as a scale of seconds. Ten of the distances from top to top 
of the waves in each rhythm are measured by this scale, giving the re- 
sults iii seconds and estimated tenths. The average and the character* 
variations are "found in each case. 


Specimen record. 


Natural rhythm. 


m 

. ^ 


1.8 

0.16 

0.0256 

1.8 

.16 

.0256 

1-7 

.06 

.0036 

i-S 

•14 

.0196 

1-7 

.06 

.0036 

1-5 

.14 

.0196. 

X.6 

.04 

.0016 

1.8 

.16 

.0256 

1.4 

.24 

.0576 

1.6 

.04 

.0016 


9)0.1840 

10)0.0204 

0.0020 


1/0.0020 = 0.04 
^Xo -04 = 0.03 
a = 1.64+ 0.03 


Arbitrary rhythm. 


m 



i.i 

0.05 

0.0025 

0.9 

.IS 

.0225 

1.0 

.05 

.0025 

1.2 

.15 

.0225 

0.8 

* 25 . 

.0625 

I.O 

.05 

>0025 

I.I 

•05 

.0025 

1.6 

•55 

.3025 

0.9 

.15 

.0225 

0.9 

1:05 

•^5 

.0225 

9)0.4650 


1/0.0052 

%Xap 7 
a = l.os 

10)0.0519 

0.0052 

= 0.07 
»=ao5 
± 0.05 


Points to be noted. 

I. The method of obtaining zoths of a unit by the eye is in this case 
just as accurate as if a carefully prepared scale were used. 2. Altho^^igh 


the subject’s irreg]ilarity (see above p. 21, note l), or of the difficulty of his mental pro- 
cesses. Using it thus as a measure of the disadvantage of a rhythm we can express the 
relation of the disadvantage' to the length as r=/[^) where r is the probable error 
and / the length of the time in the rhythmic movement. The law proposed is 


r 


= constant, 


where r and t have the same meanings as before, T is the length of the time chosen 
naturally and|/ — T\ indicates that the sign of the quantity is disregarded. In 
oth^ words, the amount of irregularity is proportional to the deviation from the natui^ 
rhythmi The relation here observed is illustrated by the well-known fact that in such 
rhythmic movements as walking, running, etc., a certain frequency in the repetition of 
the movement is most favorable to the accomplishment of work. Thus, to go the groat- 
*est distani;;^ in steady traveling day by day, the horsesor the bicyclist must move his limbs 
with a certain frequency: not too rapid, as this would fatigue and cut short the journeyc 
and not too slow, as this also would be fatiguing and wasteful. This favorable fi:equen<7 
is a particular one for each individual and for each condition in which he is found ; any • 
delation diminishes the final result. • • 
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the records could easily be read in looths, the degree of accuracy ap?^ 
propriate to the experiment lies in loths. * 

Questions, 

I. What is the relation between the probable error and regularity? 
2* How would you express this relation mathematically ? • 


Exercise IX. — Maximum rapidity of repeated volitions. 

(Needed ; recording drum, paper, smoking and varnishing arrangements, loo v. d. 
electric fork, fork support, double contact key, spark coil, condenser, battery of i A, bat- 
tery of 4A. ) 

Apparatus. 

a. Recording drum. This drum' consists essentially of an evenly 
turned cylinder rotating on two centers. Parallel to the axis of the drum 
are two rails guiding an upright support, called the marker support. The 
support is moved by a screw operated by a handle at the end. Glazed 
drum-paper is stretched around the drum and smoked in the manner 
described in Ex. VII. 

b. Electric forh. An electric current of i ampere is brought to the 
binding post at the back of the fork. It travels along the prong to the 
platinum wire. When this wire is in contact with the plantinum-covered 
disc the current passes to the base of the magnet, whence it goes through 
the wire of the magnet, out at the insulated post and back to the battery. 
While the current is passing, the coil becomes magnetic and pulls the 
prongs of the fork inward. If the platinum wire fs in very light con- 
tact with the disc, this movement of the prongs will separate them, and 
the current will be interrupted. Consequently the coil ceases to be mag- 
netic and the prongs fly outward. The outward movement, however, 
brings the platinum wire into contact with the disc again ; the current 
passes through the coil, and the movement begins as before. With a 
proper adjustment of the disc in relation to the platinum wire the fork 
will continue to vibrate as long as the current is supplied. The^proper 
adjustment is attained by starting the disc away from the wire and screw-, 
ing it up till it just touches — ^which can be seen from the darkening 
of the little lamp of the battery — and then giving about ^ of a turn 
more. If the fork does not begin to vibrate of its own accorft, it is 

Fig. 33 in Stud. Yale Psych. Lab., 1893 I 100, and Fig. 6 in The New Psy- 


iSee 
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f started by a light blow of the hnger. A light recording point of fine 
spring steel is attached to one prong. ^ 

Fork support.^ The object of the fork support is to provide a deli- 
cate and convenient adjustment of the contact point on the smoked paper. 
It is fastened to the marker support of the drum by the clamp by which 
it can be raised, lowered or turned as desired. The rod E is placed in 
the hole through the base of the fork ; the screw S clamps the base firmly. 
The screw /gives adjustment on the rod F, The fork is first placed nearly 
in position with its steel recording point at a tangent to the drum and its 
plane of vibration parallel to the drum axis. It is now lowered by the 
screw Ny acting on the arm Oy till the point is in good contact with the 
paper. 

d. Double contact key} This key consists of a lever moving on a bar 
hung between centers. A spring holds the front end of the key up ; the 
tension of this spring is adjusted by the screw Z. It should be great 
enough to hold the lever up as far as it will go, but small enough to offer 
the least possible resistance to movement. At Y a platinum point is 
inserted. Just below 1 there is another point X, which is supported by 
a ring of hard rubber so that there is no metallic connection with the 
frame. A wire leads from X to the binding-post i. At the back of the 
lever there is a screw fY, carrying a platinum point K Just below Fthere 
is another point 1 / supported by hard rubber and in connection with the 
post 2. The extent to which the lever moves is regulated by turning PY. 
There should be enough movement to be distinctly felt, but not enough to 
cause loss of time. The framework of the key (and consequently the 
contacts Y and Y) is connected to post 3. ^ 

Bring the wires from the 4-amp^re battery to the posts i and 3 ; notice 
(by the darkening of the small lamp) that the current passes through the 
key whenever Y and X are kept in contact by pressure on the rubber 
knob A. 

Bring the battery wires to 2 and 3. Notice that the current passes 
whenever Y and U are in contact. 

' To prepare these steel points I procure from the clock factory a flat strip of fine “ pen- 
dulum \i(ire.” Pieces are cut off of 3 cm. length. A hole to fit over the screw is ma^e in 
eacbcpiece ; the opposite end is cut to a sharp point and bent. Such a piece is substi- 
tuted for the usual, brass point that comes with the fork. The great elasticity of the steel 
reduces the friction to a minimum ; its hardness keeps the point sharp for a long time, 
whereby a very fine line may be produced. 

* See*above, p. 82. 

9 The lettering is found on the apparatus. A picture of such a key without the ad- 
justing screws / and ^ is given in The New Psychology, Fig. 27 ; post X is nearest, 
post 2 is farthest and post 3 between them. 
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Connect i and 2 by a short wire. The current is then interrupted fo? 
an instant at each movement of the key downward or upward. 

e. Spark coil. The spark coil consists of two coils of wire. ' The 
innqr one, ^‘primary coil,** is made of a few turns of coarse wire 'end- 
ing in the terminals F. The outer one, ‘^secondary coil,'* consists of 
many turns of very fine wire, ending in the terminals iS. Insert a met^l 
rod F through one of the posts S and bring its point within about of . 

the other post. Bring one wire of the 4A battery to one of the posts F. 
Touch the other post with the other wire for an instant ; notice that a 
spark jumps across at S. 

Bring one wire of the 4A battery to one of the posts F and the other 
one to the post 2 of the telegraph key. Connect post 3 with the other 
post F by an extra wire. Notice that a spark is produced every time the 
key knob is pressed or released. 

Remove the rod j^and connect one of the posts 5 to the metallic back 
of the fork by a light wire and the other one to the binding post ^of 
the drum by a similar wire. The wooden base of the fork interrupts 
metallic connection between the two wires and the spark is forced to fly 
off the recording point and through the paper to the drum. This makes 
a white dot on the paper. * 

f. Condenser. The condenser consists of two sets of sheets of tin-foil 
arranged alternately. The sets are connected to the two posts AT, L. 
The sheets are kept separate from each other by sheets of paper. Two 
wires are brought from K and L to the posts 2 and 3 of the key without 
disturbing the battery connections. Notice that the spark at the drum 
is m^e stronger by using the condenser. 

• 

• Experiments. 

A. Adjustments. The fork is adjusted at the farther end of the drum. 
The experimented sets the drum in motion by striking the edge with his 
hand. By turning the handle that moves the fork support he pulls 
the fork along toward hini. The speed of the drum should be such that 
a single wave extends over about i®”*. During the experiment the fork 
support should move fast enough to make the fork trace a spiral without 
overlapping, but slow enough not to waste paper. The subject* adjusts 
the key evenly on the table. He then taps several times to prove that 
the spark connections are in order. 

B. Recording the most rapicFtap^ing. The subject takes a comfortable 

*The separable coil should be used, see above, p. 81. 

• “The plan of connection of the spark coil and fork is similar to that shown in Fig. 6 of 
thc»New Psychology. 
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position, grasps the knob of the key between thumb and middle finger,, 
and, steadying the key with the other hand, makes the lever vibrate as 
rapidly as possible. This is done by way of practice for a few moments 
without making a record. > 

The subject is ready. The experimenter calls ‘‘Now,” whereupon 
the subject begins to tap as rapidly as possible. The drum is set going 
* and a record is taken for a few seconds. The name of the subject is 
written in the smoke by a pencil or a pointed stick. 

C, Prepafing the record. The paper is slit crosswise with a knife, 
lifted at one end and run through a solution of shellac as described in= 
Ex. VII. 

D\ Computing the results. When the record is dry a portion about in 
the middle is selected for computation. As a dot was made at each tap 
and release of the key, the distance between two dots on the fork-line, 
or time-line, gives the time for a single movement. The time is divided 
into looths by the wave of the fork-line ; the loooths are obtained by 
estimating the extra loths of a wave by the eye. Ten successive records 
are counted. The average and the probable error are found. 


m 

Specimen record, 

V 

V* 

40 

0.7 

049 

39 

1.7 

2.89 

40 

0.7 

0.49 

42 

1-3 

1.69 

41 

0-3 

0.09 

43 

2.3 

529 

40 

0.7 

0.49 

39 

1.7 

2.89 

41 

0.3 

0.09 

42 

1-3 

1.69 

4 o ”7 


9) 16. 10 

10) 1.56 
0.16 


1/0.16 = 0.4 J^Xo- 4 =o -3 « = 40 . 7 ±o -3 


Theoretical consid&ations, 

• 

The repeated taps w.ere produced by successive volitions resulting in 
the alternating movements, down ai^d back. Assuming that the twor 
movements represent two volitions alternated as rapidly as possible, the 
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result gives {lie average time required as a minimum for the rise and «e- 
cutioh of a volition.’ 


Points to be noted, 

I* Regularity and rapidity may be quite different in different persons. 
2. A very rapid person may not be a very regular one. 

Questions, 

1. How are we justified in considering the time between two muscular 
movements as a mental time? 2. What means would you suggest for 
shortening the tap-time and decreasing the probable error? 


Exercise X. — Simple reaction to sound. 

(Needed : recording drum, automatic break, smoking and varnishing arrangements, 
100 V. d. electric fork, Pfeil marker, Deprez marker, telephone, reaction key, adjust- 
able 'marker support, simple break switch, two batteries of i ampere, one battery of 2 
amperes. )> 

Apparatus, 

a. Recording drum. The drum used in this exercise is known as the 
’''standard drum ” on account of the steadiness of its movement, which 
is due to the weight of the wheel.* Glazed drum paper of the proper 
size is adjusted around the drum and is smoked on that quarter which is 
beneath the projecting arm C, The drum is moved by a ratchet handle 
at the top ; it may be stopped by the brake at the side. 

1 'Ac following table gives the results on 20 students in 1896 : 

Averages for all. 

Subject: A B CE FGH I I J LMNO P*QR SUZ 

Average: 41 71 • 59 46 80 123 7c 9a 77 1x3 97 33 84 7a 5a 62 X47 ^T^ xx8 60 8x 

vStSn:} ** ® 9 so a X3 36 ii 14 40 xo X9 5 ao X7 63 17 

Rdative ) , 

average > 39 33 30 xj xx 41 a 30 xj 3a xx 42 48 7 36 7 la 15 55 ax per cent, 

variation : j 

J 3.4 6.8 s-i 2.5x4.00.67.8 3.6 xo.x 3.1 3.9 xx.a 2.8 5.3 1.4 S-6 7-8 x.70.8 4.5 

The results give the times for the alternated movements naturally used by unprac- 
ticed persons in attempting to move the telegraph key. By trial the subject can finally 
select the most rapid movement, which will frequently be much quicker than^the origi- 
nal one. The average variation (or mean variation) is the average of the residuals ; in 
the example above it would be the average for the column v. 

^The drum of the previous exercise, which is fitted with an automatic break, may be 
used for this exercise. The fork and adjustable marker support may likewis|p be the 
same as before. In such a case the prevteus exercise should be put far enough«ahead of 
this one in the course to avoid any need for the same pieces in two simultaneous exer- 
cises. It is preferable to have several drums, all of which sb«"i'i bavp nntninAHr rontartK. 
• ^See Stud. Yale Psych. Lab., 1895, IHj Jjg* 16. 
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, b. Automate break} The projecting arm C* as it passes the rubber 
block D strikes a projecting pin G and moves it. On the other side of 
D there is the small arm I made into one piece with, the pin G \ it, 
therefore, moves when G is struck. This movement brings a platjpum 
point away from the platinum point of the screw H, Thus, if the two 
lyires of an electric circuit are brought to the posts E and the current 
. is interrupted every time C strikes G, 

c. Marker support The carriage F riding on the steel post is movable 
by the handle J. It carries a projecting rod Z, to which forks and 
markers may be attached. When two markers are used, as in the present 
exercise, an adjustable support ‘ M is placed on Z. The rod of M is 
placed vertically. This rod can be rotated by the screw Zf or lever O, 

d. Deprez marker. This marker is adjusted on the rod of the support 
by the screw P. It is so placed that when it is lengthened, by turning 
the screw the fine point at the end can be brought into delicate con- 
tact with the smoked surface. Bring the two wires from a i A battery to 
the posts S. Notice that whenever the circuit is completed the arma- 
ture V is drawn to the magnet £f, and that when it is broken the arma< 
ture flies back. If this does not happen, the adjustment is to be made 
more delicate by altering the tension of the armature spring at the back 
or by changing the amplitude of vibration of the armature by moving the 
cone by means of the screw T. 

e. Electric fork. The fork used in this exercise is arranged to vibrate 

just as that in Ex. IX. The wires from a battery in lA are brought 
to the two binding-posts as before. The fork is not attached to the drum, 
but is placed on the table. ' 

f. Pfeil marker. The Pfeil marker is placed on the adjustable sup- 
port by means of its clamp in such a way that its point ' is downward 
and close to the other marker. The battery wire is removed from one 
post of the fork and is placed in one of the posts of the 'marker. A wire 
is then run from the other post to the fork. Whenever the current passes, 
the coils of the marker become magnetic and attract the armature D ; 
when the current is interrupted, the armature is released. As the cur- 
rent is made and broken loo times per second by the fork, the armature 
vibrates*xoo times per second. The vibration is transmitted to the re- 
cording point by a connecting bar. I'he extent of the vibration is regu- 
lated by a screw F^ which adjusts the distance of the magnets from the 
armatuFe. The finer acjjustment of the pdint against the drum is accom- 

1 The lettering is on the apparatus ; the principle of the automatic break is similar to 
that ^own in Fig. 17. 

* See above., Fig. 10 ; for this exercise the clamp M is made of hard rubber. 



Elementary course in psychological measurements. 


119 

plished by.a*screw G at the back. The marker is first adjusted so that its 
point is just above the point of the Deprez marker, and then the exact 
amount of pressure against the drum is attained by G, * As the drum is 
^turned, a time line is drawn whose waves each indicate i/ioo«of a 
second. 

Experiments, 

A, Einding the latent time of the Deprez marker. The current is* 
brought to one post of the automatic break, then from the other post to 
the Deprez marker and from the marker back to the battery. The drum 
is slowly rotated till the arm C opens the break and makes a check with 
the marker. If this is carefully done, the check marks the exact spot at 
which the break occurs. The carriage is then run down and back in order 
to draw the zero line, or the line at which the break occurs. 

With the Pfeil marker in vibration the drum is now set in rapid rota- 
tion. The carriage is then moved downward with sufficient rapidity to 
keep the records separate. The result is a series of records, each consist- 
ing of a time-line and the line drawn by the Deprez marker. The paper 
is removed and varnished. The distance from the zero-line to the check 
in the marker-line gives, in terms of space, the latent time of the marker 
at the break \ this distance is turned into time by comparison with the 
time-line. The time is read in loooths of a second. Five records are 
computed to find the average and the probable error. 

B. Adjusting the reaction experiment. A new piece of paper is placed 
on the drum and smoked all around. The Pfetl marker is adjusted as 
before. The zero-line is made as before. 

The lA circuit through the automatic break is taken from the marker 
and run through a telephone instead ; a click is thus produced in the tele- 
phone whenever the arm C strikes the point . G. A switch for turning 
off the current is inserted in the circuit. 

Another lA current is run through the Deprez marker and then 
through the reaction key. This key comprises two steel rods on which 
run two rubber slides.^ The adjustable slide A is fastened at any desired 
place by the nut B ; the excursion of the movable slide M can thus be 
reigulated. For the present experiment the excursion should be about 3 
'fhe index finger is placed in the hole of Af, the thumb is placed in the 
hole of A and the key is steadied by the third finger. The battery wires 
are brought to the post of A/ajid the post T at the top. When the finger « 
is extended, .the circuit is closed^ as soon as it is moved, the circuit is 
broken and the Deprez marker moves. 

. •» See Stud. Yale Psvch. Lab.. i8q^ I, Fic. “^o. The lettering is on the apparatus. 
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The subject is comfortably seated with the reaction key in hts hand ; he 
inust be so placed that he sees nothing of the experimenter’s movements. 

C. Performing tJie experiment. The subject is called to attention by 

telephone clicks produced by tapping the automatic break. The switch 
is then opene,d. ^ 

The drum is set in rotation ; the switch is closed during one revo- 
lution, while the carriage is lowered. The telephone click is heard by the 
subject and the reaction is recorded by the marker. After a few turns of 
the drum the switch is again closed, while the carriage is lowered as before. 
As many records as possible are obtained on the drum. The paper is 
removed and varnished. 

D. Computing the results. The average and the probable error 
are found for the reaction experiments. Since the latent time of the 
marker is included in the recorded time, its amount must be subtracted 


in order to find the reaction-time. 

Specimen record} 

Marker. 

Reaction. 

m 

V 

m 

V 


2 

0 

174 

24.7 

610.09 

2 

0 

124 

253 

640.09 

2 

0 

156 

6.7 

44.89 

2 

0 

130 

19-3 

372.49 

2 

0 

166 

16.7 

278.89 

2 

0 

141 

154 

7)1045 

M9-3 

8-3 

4-7 

68.89 

22.09 

6)2037-53 

10)339-59 


3396 

1/33-96 = 5-8 
^XS-8=3-9 

Latent time of marker, a = 2<r, r=:o\ Reactionrtime, a = 1490' — 2<r=. 147a', r = 3.9 

1 Results for 12 students in 1896 are given in the following table : 

Marker. Subject. 


Latent 

Average 

Reaction 

Average 


time. 

variation.' 

time. 

variation. 

A 

I 

0 

1x6 

6 

B 

I 

0 

146 

X6 

D 

0 

0 

168 

24 

E 

3 

0 

125 

15 

F 

3 

0 

143 

X 2 

G 

3 

0 

170 

27 

M 

0 

0 

167 

14 

N 

0 

0 

^52 

14 

0 

I 

0 

* 164 

31 

P 

1 

0 

X 22 

x 8 

Q 

2 

0 

X07 

20 

B 

2 

0 

xoo 

61 

Average : 

"2 

0 

137 

21" 


The different latent times for the marker are due to different adjustments cf the spring. 
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* Points to be noted. 

• 

I. The determination of the reaction-time of the su^’ect was closely 
analogous to that of the latent time of the marker ; it would be quite 
justiciable to speak of the “ reaction-time of the marker ” or the “ la|ent 
time of the subject.” 2. Since the probable error of the' marker was 
o, the probable error for the reaction records must be a personal 
quantity of the subject. . 

Questions. 

1. How would you proceed to determine the latent time for , a spark 
coil? 2. What mental element that was measured in Ex. IX is present in 
the subject’s reaction ? 

I 

Exerqse XI. — Regulated rhythmic action.. 

(Needed: recording drum, motor, loo v. d. fork, fork support, automatic make, 
sounder, break key, spark coil, condenser, smoking and varnishing arrangements, bat- 
teries of I A, 2 and 3A, and 4A. ) 


Apparatus, 

I'he automatic contact (Fig. 17) is attadied to one of the posts of the 
drum by the screw E through the rubber block V, A projecting pin in 
the drum strikes the spring arm B and depresses it slightly for an instant. 



Fig. 17. 


The current is brought to the post A and passes through the arm B 
td the platinum disc at G, Every time the pin on the drum striljes B 
contact- is made by G against /and the circuit is closed. Z' is a screw 
with a rubber point against which B may rest. The automatic make may 
be turned into an automatic break^by interchanging / and F, 

To adjust the position of the automatic contact apparatus the screw E 
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loosened ; it is also so arranged that it can be swung entirely out of 
the way when not needed. 

The remaining apparatus is the same as that used in Ex. VI. 

Thte 2A current is sent through the automatic make and the sounder' 
in series. 

^ The fork is arranged to write on the drum and to be kept vibrating as 
.in Ex. VI. 

The 4 A current is sent through the break current of the key in the way 
explained in Ex. VI. 

The motor is arranged to run the drum by a belt connecting the two 
pulle3rs. The exact rate of speed described is obtained by varying the 
amount of current sent through the motor. 


Experiments. 

A. The current through the motor is adjusted so that the drum re- 
volves once a second. This is tested by comparing the clicks during a 
number of seconds with the indicated seconds of a watch. Then the 
subject^ seated near the sounder and away from the drum, taps on the key 
knob in time with the clicks. A . record is taken during about 15". 

B. The drum is adjusted to revolve twice a second, and another record 
is made. 

C. The drum is adjusted to revolve three times a second, and a record 
is made. 

With a full-width paper on the drum all the experiments can be ob- 
tained on one sheet. < 

D. The zero-line is found as in Ex. VII. 

E. Varnish and dry the paper. 

F. Read ten successive results to the i/iooo sec. in each record ; dis- 
tances to the left of the zero-line are to the right -f .. 

G. Compute the constant errors (the latent time of the sounder is 
subtracted) and the probable errors (see Ex. III). 

>The sounder has an electric contact arranged to close a circuit at the moment it strikes 
(a telegraph relay may be used). Its latent time for a current of 2 ampdres can be de- 
termined dnd marked on it. A convenient way of determining the latent time is to con- 
nect the contact of the sounder with the wires from C of the battery in P'ig. 7, while 
the wires from G are connected to the primary poles of the spark coil. The condenser 
is also attached to the primary poles. As the contjLCt points of the sounder strike, the 
current ^hich passes through B, G and the ccyl, is short circuited ; this is practically 
^uivalent to its being interrupted ; a spark record is therefore made as usual. 
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Specimen record} 



Speed 

/. 

speed 2y 



^eed j. 


m 

V 


m 

V 

2/2 

tn 

7 ' 

I/* 


6.0 

36.00 

+ 10 

7.6 

5776 

— 5 

3.3 

io!%q 

+39 

6.0 

36. 

— 7 

9-4 

88.36 

— 2 

0.-3 

0.09 

+ 40 

5.0 

25 - 

+ 6 

3-6 

12.96 

— 3 

1-3 

1.69 

+ 47 

2.0 

4. 

+ 15 

12.6 

158.76 

+ 1 

2.7 

7.29 

+ 41 

4.0 

16. 

12 

14.4 

207.36 

— 3 

1*3 

1.69 

+ 53 

8.0 

64. 

+ 3 

0.6 

0.36 

—4 

2.3 

5 * 29 

+ 50 

50 

25. 

— I 

3-4 

11.56 

— 5 

3-3 

10.89 

+ 41 

4.0 

16. 

— 7 

9*4 

88.36 

+ i 

2.7 

7.29 

+ 44 

i.o 

1. 

+ 8 

5.6 

31.36 

+ 2 

3-7 

13.69 

+ 44 
+450 

1.0 

1. 

9) 224.00 

10) 25.00 

2.56 

+ 9 

+ 51 

— 27 

+ 2.4 

6.6 

_ 43.56 

9 ) 7 «>.^ 

10) 77.82 

7.78 

— I 

+ 4 

— 23 

— I -7 

0.7 

0.49 

9) 59.30 

10) 6;S9 
0.66 


✓2.50=1.6 1/7.78=2.8 1/0.66 = 0.8 

J^Xr.6=i.i j^X2.8 = i.9 ^Xo.8=o.5 

= + 3°*® =t: — 46=fci.9 rt = — 87 d' 0.5 


Points to be noted. 

I. There is a continual estimate of the time interval and an anticipa- 
tory reaction ; this estimate is corrected every time by occurrence of 
the sound. 2. The signs of + or — for the constant errors and the 
largeness or smallness of the probable errors are quite different for dif- 
ferent subjects. * 3. One of the speeds is specially favorable to regularity. 

1 The following table gives the results for 13 students in 1896 ; 

Speed I, Speed 2, * Speed 3. 

Constant Average Probable Con.stant Average l^b. Constant Average Prob. 



error. 

vanation. 

error. 

error. 

variation. 

error. 

error. 

variation. 

error. 

A 

+ 51 

* 25 

7.0 

— 28 

9 

2.5 

+ 20 

19 

5-3 

B 

+ 44 

75 

21.0 

-84 

32 

9.0 

— 9 

20 

5.6 

C 

— 53 

22 

6.2 

— 23— 

19 

5-3 

+ 75 

17 

4.8 

D 

+ 14 

57 

16.0 

— 42 

15 

4.2 

+ 2 

18 

50 

E 

— 31 

19 

5-3 

— 30 

17 

4.8 

— 10 

7 

2.0 

F 

— 57 

32 

9.0 

— 20 

10 

2.8 

— 25 

10 

2.8 

I 

— •57 

25 

7.0 

+ 36 

33 

9.2 

— 33 

19' 

5-3 

J 

— 105 

37 

10.4 

— 57 

13 

3-6 

— 86 

20 

•5.6 

0 

+ 12 

60 

16.8 

4.10 

19 

5.3 

+ 37 

30 

8.4 

Q 

.+ 29 

19 

5.3 

, +10 

7 

2.0 

+ 25 

T . 

2.0 

R 

+ 15 

20 

5.6 

— • 8 

II 

31 

+ 14 

6. 

1-7 

S 

— 28 

114 

31-9 

— 86 

16 

4-5 

— 5 

7 

2.0 

T 

+ 72 

41 

11.5 

— 89 

83 

23.2 

— 40 

5 

1.4 


•*See New Psychology, 182. 



124 


£. TV. Scripture, 


Questions, 

I. How should these experiments have been performed in order to 
eliminate practice and fatigue? (See Ex. Ill, etc.) 2. A comparison 
of the results with each other and with those of other individuals w^uld 
be likely to give some information of a person’s mental constitution in 
regard to promptness and reliability of response ; what conclusions do 
•you draw from your record ? 


Exercise XII. — Simple and complex reaction-time. 

(Needed : recording drum, 100 v. d. fork, fork support, multiple key, 2 condensers, 
reaction key, telephone, resistance box, switch, telegraph key, sounder, 3 batteries of lA, 
one battery of 4A. ) 

Apparatus, 

a. Recording drum, spark coil, condenser, fork, fork support, reaction 
key. See Exercises IX, X and XI. 

h. Multiple key,^ This is a key having two levers, the upper one sup- 
ported on a rod with center-bearings and the lower one on the rod as an 
axle. They are carefully adjusted so that both rotate around the same axial 
line. The upper lever is held down at the back by an adjustable spring ; 
the position and the extent of its movement are regulated by two adjust- 
ing screws that strike short upright rods. In front of the axis there are 
two contact screws on the upper lever. Opposite to them there are two 
platinum points on the lower lever. Either one of the upper screws can 
be made to strike the opposite point on the lower lever. If a circuit is 
brought to a contact screw and its opposite point, it will be closed when- 
ever the upper lever is pressed downward. The current from a lA bat- 
tery is brought to the two binding-posts connected with such a pair of 
contacts, and the closing of the circuit is observed. 

At the back of the lower lever there are two contact screws opposite the 
contact points in the base. I'he rearmost of these screws is turned some- 
what more than the other one ; it will then rest on its contact point owing 
to the pressure of a spring in front. The 4A current is sent through the 
contact. ^ Whenever the knob of the key is pressed so that the front con- 
tact i$ made, the rear contact is broken. Thus the 4A circuit is broken 
at the moment the lA circuit is made. 

■ The spark coil is placed in the 4 A circuit and the condenser is arranged 
around the break, as in Ex. IX. Observe that each pressure on the knob 
makes a spark on the drum. 


1 See above p. 81. 
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Insert the telephone in the lA circuit. Observe that a spark is made 
whenever the telephone clicks. ^ 

Insert the reaction key with a condenser in the 4A circuit. Observe 
tha^a spark is made whenever the reaction occurs. 

Observe that after the 4A circuit is broken by the multiple key no 
spark is made by the reaction key. This circuit must, therefore, be 
closed again after the break by the multiple key. At the front of the* 
lower lever there is an adjustable contact point which dips into a cup of 
mercury covered by water. Connect the framework of the key to one of 
the posts for the back contact and the mercury cup to the other one. 
Adjust the contact point so that it is just above the surface of the mercury. 
Observe that as the key is depressed the 4A circuit is broken and then 
immediately closed again, so that it is ready for a break by the reaction 
key. 

There are thus two sparks made ; one at the moment of the telephone 
click and another at the moment of reaction. By laying wires from the 
secondary poles of the coil to the fork and the drum, as in Sx. IX, a 
record of the time between these two sparks is obtained. 

c. Telephone^ resistance and switch. The telephone has already been 
inserted in the lA circuit ; a shunt switch is now inserted in the same 
circuit. The wires are brought to the two binding posts; when the 
switch is closed the current can pass through the telephone, but when 
it is open the current cannot pass. A resistance box (or a length of 
resistance wire) is connected around the switch, i. e., its two poles are 
connected to the two posts of the switch. When the switch is now 
ope&d, the current can pass by way of the resistance, which is adjusted 
so that the sound from the tejephone is weakened.* When the switch is. 
closed the current can pass in practically full strength through the tele- 
phone and produce a loud sound. 

d. Sounder and key. An independent circuit is made to pass through 
a telephone sounder and a telegraph key ; a pressure on the key produces, 
a click of the sounder. 

e. Arrangement. The multiple key is placed beside the drum so that 
the right hand can manipulate it readily while the left hand turns the 
handle of the marker-support on the drum. The telegraph key is placed 
beside the multiple key. The switch is placed just beyond. 

Long wires are now inserted in the recording circuit (multiple kejr , 
and reaction key), in the stii&ulijs circuit (multiple key and telephone) 
and in the warning circuit (telegraph key and sounder) so that the 
^reaction key, telephone and sounder may be taken to a distant part of the 
room (or another room). 
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, Experiments. 

A. Eeaction with conUtmaus expectation. The experimenter sets Ae 
drum^ in rotation and then taps a few times on the telegraph key. The 
switch is left closed. The subject holds the telephone to the ear^and 
takes the reaction key in the hand as in Ex. X. He is to be constantly 
attentive and to react whenever the telephone clicks. The experimenter 
'begins to move the marker carriage slowly and continues to do so while 
he presses the multiple key. Two sparks will be seen, one from the 
multiple key and one from the reaction key ; the multiple key is then 
released and the movement of the carriage stopped. The experiment is 
repeated for about lo times at intervals of about 15”. 

E. Reaction with specialized expectation. The experimenter pro- 
ceeds as before, except by giving a warning signal on each occasion about 
2 before the stimulus is produced. This he doos by tapping the tele- 
graph key before pressing the multiple key. The subject is not to ex- 
pect the telephone sound except when warned by the sounder. Ten ex- 
periments, as before. 

C. Reaction with discrimination and choice. The subject is to react to 
the weaker sound and not to the louder one. The experimenter pro- 
duces them in irregular order by manipulating the switch before each 
experiment. The procedure is as in C. Ten experiments. 

Computation. 

The record sheet is removed from the drum and varnished as in Ex, 
VII. The latent time of the sounder (known from Ex. XI) is alWwed 
for as each recorded is counted. The averages and probable errors 
are calculated. Denote the averages by a, b and and the prob- 
able errors by r^ and r^. Find p ^ b --- a^ q ^ c ^ s ^ r^ ^ r^^ 
and t^r^^ r^. The quantity p gives the lengthening (-f ) or shorten- 
ing ( — ) in the reaction-time due to the specializing of expectation ; s 
gives the increase (-f-) or decrease (— ) in irregularity for the same 
cause ; q gives the lengthening due to the introduction of additional 
mental processes ; and / gives the increase in irregularity for the same 
cause. ‘ 

c 

Points to be noted. 

I. T 6 eliminate progressive and othej errors the phenomena A, B and 
C should be investigated in pairs ; thus on one occasion A and B should 
be investigated, and B and C on another. 2. More mental labor is re-«j 
quired of the subject in A. ‘ 
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QuesHofis. 

I. ill determining the difference between A and how would you 
proceed in order to avoid progressive errors ? 2. In determining the dif- 
lereaice between B and C*, on what system would you arrange the experi- 
ments in order to equalize differences that might arise from employing 
two intensities of sound? 


Exercise XIII. — ^Time estimates. 

(Needed: kymograph, contact attachment, 2 Meumann contacts, 250 v. d. fork, 
fork box, xo v. d. fork, Marey recording tambour, induction coil, telephone, key, spark 
coil, condenser, plain recording point, xA battery, 4A battery, smoking and varnishing 
arrangements, cross-section paper. ) 


Apparatus. 

a. Kymograph. As in Ex. VIII. 

b. Contact attachment.^ The support is screwed tp the base of the 
kymogragh. The projecting gearwheel is adjusted to fit to the gear 
wheel that has been placed on the axle of the kymograph. As the kymo- 
graph moves, the anii on the contact attachment passes over the graduated 
circle. 

c. Meumann contact? A metallic star with six arms is held to a rub- 
ber block by a screw in the center. At each rotation of the projecting 
arm it strikes an arm of the star and rotates it by ^ of a revolution. 
Three of the arms bear small screws which touch two metallic points 
sunk in the rubber block. The rubber block is fixed to the circle of the 
contact attachment by the projecting screw. , 

Let the circuit from the lA battery be sent through the back binding- 
post and the left-hand side post of a contact. The circuit is completed 
every time an asm bearing a screw passes over the sunken contact, and is 
broken every time the screw arm is moved off. Consequently the central 
arm alternately closes and opens the circuit as it passes this block. If a 
current producing a tone were sent through this contact, the tone would al- 
ternately be turned on and off. A red mark on the block opposite the 
graduated circle serves to indicate when the circuit is closed. 

The second contact is connected in series with the first one. Tliie two • 
side .posts of this contact are connected together ; the circuit is broken 
when the arm of the star moves, but is immediately closed again by a 

»Fig. 236 in Wundt, Physiol. Psychol., II 424, Leipzig, X893. 

• ^Fig. 5 in Meumann, Beitrage zur P^chohgie des Zeitbewusstseins^ Philos. Stud., 
.1896 XII 147. • 
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contact point reaching the second sunken contact. A white mark on the 
block indicates when the circuit is broken. 

Consequently: i. the current passes through the second block only 
whqn it passes through the first one, i. e., at alternate revolutions of^the 
central arm •; 2. the current, when passing, is broken for a brief instant 
at the second block. 

d, 2^0 V, d. fork. Same as 100 v. d. fork of Ex. IX, except in the 
rate of vibration, which is 250 times a second. 

€, Fork box. This is a box padded with felt. ‘ Wires from the inside 
are brought to binding posts on the outside. The fork is put in the box 
and connected to the wires. 

f, JO V, d, fork. This fork, vibrating lo times a second, is hung from 
a strong support. One prong carries a sliding collar connected by a small 
link to the metal disc on the top of a tambour. As the fork vibrates, the 
movement is mechanically transmitted to the air of the tambour. The 
amplitude of the movement of the top of the tambour is regulated by mov- 
ing the collar along the prong. The tension of the rubber top is adjusted 
by means of the jamb nuts that clamp the tambour to the support. 

g, Marey recording tambour. As in Ex. VIII. 
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h. Induction coil. This consists of a short primary circuit of coarse 
wire (red) and a longer coil of thinner wire (green). The two coils are 
not connected ; the secondary one is loose and can be placed an3nvhere. 

/. Key, The key of Ex, IX is used ; only the rear (or break) con- 
tact is employed. The condenser is connected to the key around the 
break. • 

y. Spark coil. As in Ex. IX. 

t k. Plain recording point, A brass arm terminated by a flexible steel 
point of pendulum wire is attached to ^ small rubber block by a thumb 
screw (Fig. 18). The opening through which the screw passes is elon- 
gated to allow adjustment of the point lengthwise. During the ex-* 
periment the point is adjusted to lightly touch the surface of the drum> 
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• 

/. Smakingand varmshihg. As in Ex. VIL • ’ 

m. ' Timing the drum. The Marey tambour is adjusted so as to write on 

the drum. The tube is connected with the tambour of the 10 v. d. fork. 
A 1 }^ow is struck on one prong of the fork and the tambour-point vibrates 
10 times a second. As the drum revolves, the time line is' drawn on it. 
Adjust the drum to revolve once in 9 seconds. ' • 

n. Adjustment of the tone. Bring one of the wires from the i A battery* 
to the fork by way of the fork box und from the fork through the primary 
circuit of the induction coil back to the battery. Connect the ends of the 
secondary coil to the telephone and lay the coil beside the primary one. 
A tone is heard in the telephone when the fork is set vibrating. 

Break into the telephone circuit and by extra wires insert the star con- 
tacts (which have already been connected together as described under c). 
When the kymograph is running, a tone will be turned on and then inter- 
rupted for an instant ; this occurs at alternate revolutions. 

0. Adjusting the spark record. . The current from the 4 A battery is run 
through the break key and through the primary circuit of the spark coil. 
The condenser must be connected around the break. The simple record- 
ing point is connected to one of the secondary poles, the drum to the 
other. Whenever the key is tapped, a spark hies from the point to the 
drum. 

p. Drawing the zero-lines. Place the first contact with its red mark at 
o®. Loosen the back screw B (see Fig. 17) of the kymograph. Turn 
the drum slowly till the tone is first heard. Draw a zero-line by low- 
ering the drum axially by the handle H. This line indicates the moment 
at which the tone begins. With the second contact at 40^ turn the 
drum further until the tone has been interrupted and just begun again ; 
draw anothei' 2ero-line, which indicates the moment at which the second 
tone begins. Place the second contact at 80° and then at 120° and draw 
zero-lines as bef(fi:e. 


Experiments. 

A. Measuring the time estimate for a tone of one second. Place the 
contacts so that the red and white indicating points are 40® apart. 'Phis 
win give a tone lasting one second, then a moment’s interruption ( ^ of 
a sec.) and thereafter another tone. 

The subject is seated with eyes closed. The kymograph is set in 
motion. .The tone begins, is*interrupted for an instant and is^ begun 
again. When the subject thinks that it has lasted as long after the 

• I'lf desixed, the drum may be timed by a watch, by the method used in Ex. VIII. or 
by am electric fork*. 

•9 
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interruption as it did before, he presses the key. After a few prelimi- 
nary experiments^ for the sake of practice, the experimenter lowers the 
drum slightly (by the small handle at the top) after each experiment. 
Six records are taken. ^ 

. B, Measuring the time estimate for two seconds. The contacts are 
placed at 80^ apart and the experiments are repeated. Six records. 

* C. Measuring the time estimate for three seconds. The contacts are 
placed 120^ apart. Six records. 

D, Measurif^ the time estimate for four seconds. The contacts are 
placed 160^ apart. Six records. 

Computation, 

• Cut off a piece of the time-line. Use it as a scale, reading the loths 
of a second and estimating the looths. The records for i second are 
placed in the first column, those for 2 seconds in the fourth column, etc. 
The average is found for each column. The probable errors are also 
computed. 

Let the standard interval be indicated by T and the interval as esti- 
mated by /. Find the constant error r = / — ^ for each value of T, 
Thus for i sec. and /= 85, r = 85 — 100 = — 15. 

In this way two series of values, the constant error c and the probable 
error r, are obtained for the series of values used for T^, Put c = 
/( 7 ) and r^ F ( 7 ^, as explained in Ex. III. Plot the curves for 
these functions as explained in Ex. I. and II. 

Points to be noted, 

I. Note the tendency to underestimate long intervals of time. Ex- 
tremely short intervals are overestimated. 2. The reaction-time is not 


1 Results for 9 students in 1896 are given in the following table. In this case the time 
was measured from the beginning of the first tone to the beginning of the second. 




I Sec. 



2 Sec. 



3 Sec. 


4 

Sec. 



Const. Aver. 

Prob. 

Const. 

Aver. 

Prob. 

Const. 

Aver. 

Ptob. 

Const. 

Aver. 

Prob. 


error. 

var. 

eiror. 

error. 

var. 

error. 

error. 

var. 

error. 

error. 

var. 

error. 

c 

+17 

• 13 

3.6 

+69 

8. 

2.2 

+8x 

20 

5.6 

+ #84 

26 

7-3 

G 

+Cl 


3.6 

—28 

20 

5.6 

—73 

X2 

3-4 

— X09 

*5 

4.2 

I 

—23 

xo 

2.8 

— 22 

36 

XO.X 

—57 

50 

X4.0 

— 86 

40 

11.2 

K 

+ * 

9 

2.5 

—52 

9 

2.5 

—70 

20 

5.6 

— 49 

x8 

50 

a 

—66^ 

' 4 

I.X 

—88 

xo 

2.8 

—28 

22 

6.2 

— 50 

28 

7.8 

p 

—23 

• 8 

2.2 

+4* 

27 

7.6 

-63 

2X 

5-9 

— *35 

42 

IX.8 

R 

— 7 

XI 

31 

+27 

15 

4.2 

+ 3 

X2 

3-4 

— 7 

. x8 

5.0 

s 

+25 

14 

3-9 


28 

7.8. 

-87 

8 

2.2 

—149 

x8 

5.0 » 

7 

-13 

12 

3-4 

—92 
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to be subtracted from the second interval, because the subject involun- 
tarily times his movement to occur at the point desiltcd ; see Ex. Xlt 

Questions, 

I. These e xp eriments are frequently referred to as being on the 

time-sense” or time-consciousness.” How would you define such* a 
term scientifically? Compare Ex. IV (Point 2). 2. What mental* 

characteristics would be indicated by a large negative constant error and 
a large probable error ? 

Exercise XIV — Complex reaci‘ion-time. 

(Needed: pendulum chronoscope.^) 

Apparatus, 

An accurately adjusted double-bob pendulum is held by a catch at the 
right-hand side. The light pointer is caught on the projecting arm of 
the pendulum. 

The chronoscope is first leveled by placing a spirit level on the base in 
a line parallel to the front ; the screws of the two fore-legs are turned till 
the bubble of the level is in the middle. The level is then turned at 
right angles, and the screw of the rear leg is turned. 

The large milled head in front is turned clockwise as i&r as it will go, 
thereby closing the shutter and setting the reaction button at the back. 

When the experimenter presses the release at the right, the pendulum 
swings forw^, releasing the shutter by striking a pin opposite the place 
where the pointer indicates zero. When the subject presses the reaction 
button, a horizontal bar behind the pointer clamps it to the scale. The 
graduation on the scale gives the time between the fall of the shutter and 
l^e pressing of the button. This scale is established by direct compari- 
son with fork records on the drum in a manner similar to methods em- 
ployed in Ex. VII. The figures on the scale indicate looths of a 
second ; in this exercise the readings are to be in looths, not loooths. 

In executing an experiment the pendulum is placed at the right, the 
pointer is carefully caught on it, and the milled head is turned. Red 
aifd white slips are inserted alternately in the vertical exposure wheel. • 
The subject is comfortably seated with his finger on the reaction button ; 
he is to press the button as sooj as the shutter drops. The pendulum is 
released and the experiment is made ; this is repeated until familiarity 
with apparatus and method is attained. The experimenter says *^Now” 

Aout two seconds before each experiment. 

— , ^ • ■ ^ 

*gee Stud. Vale^Fsych. Lab., 1895, III 98, and Netir Psychology, Ch. IX. 
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- *The individual experiments should be separated by about 10 seconds ; 
the groups by at least 30 seconds. When a group is begun, three or 
four experiments should be first taken without making any record of them. 
The Subject must not know his results. 

. ‘ ExperimefUs, 

A. Simple reaction. The exposure wheel is turned so that a red slip is 
behind the shutter. The subject knows the color to be shown ; he is to 
press the button just as soon he sees it. Five records are taken ; the 
results are placed in the column 

B. Reaction with discrimination. The subject is to react every time 
as before, but is to see the color distinctly before reacting. The experi- 
menter at each experiment gives the exposure wheel a twirl, letting it 
stop on whichever notch it happens to strike. If it stops between two 
colors it is turned' to the next notch. The presentation, of the colors is- 
thus a matter of chance. Five records are made ; column m^. 

C. Reaction with discrimination and choice. The subject is to react 
only to red ; for white he is to remain still. The wheel is twirled as. 
before. Five records are made. An account is also kept of the num- 
ber of mistakes ; column m^. 

D. Same as C, but with reaction to white and rest to red column 

E. Same as B ; column m^. 

F. Same as but with white, instead of red ; column 

The simple reaction time is compos^^^ two mental processes, sensa- 
tion and volition. The extra process introduced in experiments C. ^ahd 
E. is known as discrimination ; the-average for substracted from that 
for m^ will give the discrimination time.. The process introduced in. B, 
and JD. is known, as choice ; the average for m^ from, that for will 
give the time of choice. 


Specimen record. 
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Vao9=o.3 ✓0.65=0,8 ✓3.16 = 1.8 

HXo.3=o.2 ?iXo-8=o.s J^Xi-8=*s 

Simple reactioii'time : = 2 Z. i, r| = 0.2. > 

Reaction with disccimination : a, = 28.9, ^2 = 0.5. 

JR.eaction with discrimination and choice: ^3 = 39.9, r3 = l.2. 
Discrimination-time, = 7. 8. 

Choice-time, f = ^ = 


Points to be noted, 

I. The empirically established scale takes up the errors of the appa- 
ratus. 2. The results// and c are termed ^‘discrimination-time** and 
‘‘choice-time;** these terms are to be defined by giving the manner 
in which the results were obtained. They are not to be defined as the 
times required for the execution of two processes known as discrimina- 
tion and choice which are defined in some other way. 2. We would «c- 
pect that — but this will rarely happen in performing the 

exercise owing to unavoidable sources of error in the untrained subject. 

Questions, 

z. What would probably have been the change in the results if the ex- 
perimenter had arbitrarily placed the colors instead of allowing the selec- 
tion by chance and if the subject had known this fact? 2. Why is rile 
probable error larger for than for /z, ? 


Exercise XV. — ^Association-time. 

4 Needed: pendulum chronoscope, cards with words, chin key, 2 A extra-circuit 
battery. ^ 

Apparatus, 

a. Pendulum chronoscope. See Ex. XIII: • An electromagnet beneath 
* the base is arranged to operate the reaction-key whenever the current is 

sent through it. The poles are at the posts marked C and D, 

b. Cards with words. Two sets of small cards for the exposure wheel 

are placed beside the apparatus. One set is to be used by each experi- 
.menter ; it must not be seen by the subject ; therefore the boxes contain- 
Ag the sets are not to be opened until everything has been arranged for 
taking records. * * 

c. Chin key. This is the modified telegraph key of Ex. IX., ar- 
ranged* for a break contact only, as in Ex. XII. It is ^mounted 
on blocks so as to be just befow the chin of the subject. * The cur- 
rent from the 2 A battery is brought to the posts C, D, This causes 

, tjhe straight* bar behind the chronoscope scale to clamp the pointer. 
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The back contact of the key is now similarly connected with the battery. 
As contact is made as long as the key is untouched, this acts . as a 

shunt " and the current passes through the key (almost entirely) rather 
than through the longer and more difficult circuit of the magnet. Conse- 
quently the magnet does not act until the key is touched.^ ^ 

The subject is comfortably seated so as to see the exposure opening. 
THe key is adjusted to bear lightly against his chin. 

Experiments, 

A, Semory motor dissociation. The experimenter opens the box con- 
taining the cards, and, out of sight of the subject, inserts one of them in 
the exposure wheel. When the shutter falls and exposes the word the 
subject is to repeat the word aloud, always emphasizing the chin move- 
ment so as to move the key knob. Three or four experiments are taken 
in order to give practice. Thereafter the wheel is filled with lo new 
cards. Five records are made. 

B, Association of ideas. Leaving the same cards in the wheel the sub- 
ect upon seeing a word is to call out the first other word that occurs to 
him. Several experiments are made for practice. Ten new cards are 
then inserted and five records are taken. After each record the pair of 
associated words is written. 

C, Fill the wheel with ten cards more and make five records on asso- 
ciation of ideas as in 

D, Fill the wheel with ten cards more and make five records on sen- 
sory motor association as in 

Computation, 

Find the average and the probable error for each kind of association. 

If we assume that in the association of ideas an extra mental process is 
directly added to the sensory motor association, the time^for this process , 
is found by subtracting the time for sensory motor association from the 
gross association-time as recorded. 

Points to be noted, 

1. Note that the larger characteristic variations, as compared with Ex.‘ 
JCIII, ^Miy indicate any or all of the following sources : i. complexity of 
the processes ; 2. presence of disturbing influences ; 3. vagueness in the 
definitions ; 4. inadequacy of the methods of experimenting. 

2. Note that the subject is not told tok associate as quickly as possible. 

^ With a lamp battery the connections^re made as in Fig. 7 ; the wires from socket 
G are brought to the magnet and those from spcket^Cftp’ the key. 
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Questions. 

1/ What is the relation between simple reaction and senary motor as- 
sociation ? 2. Why is the latent time of the magnet left undetermined ? 


Exercise XVI. — Reproduction of a tone by the voice. 

■ • 

(Needed: 100 v. d. fork, spark coil, condenser, Fui.uj tube, simple 9Mritch, di^c 
with graduated series of dots, manometric flame with mouthpiece, motor with lamp 
board, 4 A battery.) 

Apparatus. 

a. Electric fork. The current from the 4A battery is run through the 
fork in a manner similar to that for the battery through the fork in Ex. 
IX. To diminish the spark the poles of the condenser (Ex. IX) are con- 
nected to the fork at each side of the break, i. e., at the points closest to 
the platinum wire and the platinum disc. One of these points is the 
binding post at the back of the fork (it could not be closer without in- 
terfering with the vibration of the fork) ; the other is at a screw on the 
brass base supporting the platinun disc (not at the binding post at the 
end of the magnet wire). 

b. Spark coil and Puluj tube. One of the wires is removed from the 
fork and brought to one of the primary poles P of the coil (Ex. IX) ; 
the other pole Pis connected to the fork; The current thus runs 
through the primary circuit of the coil ; as it is interrupted by the fork 
100 times per second, 100 sparks occur at the poles of the secondary coil. 

The poles of the secondary coil are connected to the posts of a shunt 
switch (Ex. XII). Thread-like wires are led from this key to the poles 
of the Puluj tube. 

The Puluj tube is a vacuum tube having between the electrodes a mica 
plate coated with a phosphorescent substance. When the short circuiting 
« key is open, this surface gives a flash of light at every break in the primary 
circuit ; consequently, when the fork is vibrating, it flashes 100 times a 
second. If the flash is not strong, reverse the wires at the poles. 

c. Disc with dot scale. A disc of cardboard is marked with 21 rows of 
dots, each row differing from the next by one dot.' The disc is placed 

'gn the axle of a motor, to which the current is supplied by a lajnp-bbard, 
*When the disc is put in rotation the dots fuse info a set of gray ring^ 
The room is darkened and the Puluj tube is placed close to the disc so 
as to illuminate it. ^ At a ceijain speed of the disc one of the rings wilt 
reappear as a series of dots at reyt ; according to the laws of stroboscopic 

• ^ Fig^ 19 is a reduced co^ of the original diso which is 75 cm. in diameter. Although 

, ^ther small, Fjg.. 19 can be cut out and used on the motor. 
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i vision there must then be loo dots in that ring passing by the (ube in one 
second. The neighboring rings will also break, up into dots, but die- dots 
will appear in motion ; those in which less than zoo pass per second wUl 
appeaf to move backward, while those in which there are more will move 
forward. It will sometimes happen that no ring will pass exactly zoo 
dots ; a touch on the axle will then slightly diminish the speed. The. 
§peed of *the motor is adjusted by varying the amount of current. 



Fig. 19. 


d. Manometric flame. Illuminating gas is brought to the front part of a. 
capsule (f'ig. 20) from which it issues as a small jet ; the size of this jet is> 
regulated by a small stopcock. The back of this capsule is formed by a 
.thin membrane. Back of this membrane is a small chamber opening into 
a trump^-shaped mouthpiece. Upon jing^ng into this mouthpiece the 
membrane is made to vibrate by the vibration of the air producing the 
tone* The gas in the capsule is* likewise set in •vibration, whereby the « 
flame alternates between maximum and minimum of size %ith every tibrar • 
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tion. These vibrations of the flame can be seen by moving the eyes 
suddenly sidewise. The vibrations produce periods of light and darkniw 
just as in the case of the Puluj tube. Thus if a tone of loo vibrations be 
sung, there will be roo flashes per second. By holding the flame close 
to the rotating disc that series of dots can be picked out in which the^umr 
ber of dots passing corresponds to the number of vibrations in the flame. 



Experiments. 

The experimenter is to pick out the loo row of dots, i. e., the one 
which appears to remain motionless when illuminated by the Puluj tube. 
The subject, holding the capsule in his hand, is to sing the same tone as 
the fork. While doing this he is to move the flame along in front of the 
dik: until he finds the row of dots showing the number of vibrations in 
the tone sung. The experimenter records the number of rows by which 
this one differs from the correct one; toward the center is — , toward 
the outside +• A diifei^ehce of i row means an error of i vibration in 
singing the tone. 

The octave of the fork-tone is sung and the error is noted as before. 
A diflerenOe of one row means an error of two vibrations. 

^ Ten records are made on each point. Averages and characteristic 
variations are calculated. 


Exercise XVII. — Color lag. 

(Needed : electric color nrheel with speed indicator, black and red Maxwell discs, 
^cking disc, circular scale and paper ring for discs, small telescope on Gauss tripod, 
mttery of 2A, simple switch, 32 c. p. lamp, tape measure.) • 

Apparatus.^ 

a. Color discs, A red andp black disc are slipped together by means 
of the radial slits. The backin^disc is an unslit one which Is placed 

* * See Stud. Yale Psych. Lab., 1895 III 102,* Fig. 17, for a view of the discs, motor, 

*spe^ indicator and connections. 
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behind the others in order to keep the edges from flapping w!hen they are 
rotated. 

b. Color whee). The essential is a rapidly rotating axle with a screw- 
nut for fastening the discs against a flange. This is best obtained by using 
an electric motor. For the present exercise the motor is series-wound 
in order that its speed may be controlled by the amount of current, 
^l^he cuiv'^ent is brought to the two posts of the motor, passing in its way 
the two poles of a shunt switch. When the switch is closed the current 
passes directly across without going through the motor; when it is 
open the current is forced to pass through the motor. 

€. Speed indicator. The rotation of the motor axle causes the indi- 
cator arms to revolve and to fly outward. The extent to which they 
move outward depends on the relation of the speed of revolution to the 
weight of the arms and the tension of the restraining springs. A pointer 
is connected with the indicator to show just how much the arms move. 
The pointer moves over a scale graduated to show the number of 
revolutions per second. The scale was established empirically by spark- 
records on the drum, after the manner of Exercise IX, the place of the key 
in that exercise being taken by a revolving pin at the end of the axle 
striking against a metal spring. 

d. Telescope. This may be a simple tube blackened inside ; it limits 
the amount of the disc seen to a circle of definite area. Or a simple 
reading telescope of the usual kind may be used.. It is placed on the 
tripod. 

e. Adjusting the apparatus. The nut is remqyed from the color wheel. 
The backing disc is placed on the axle. The red^, and black discs ^are 
slipped together, so that when rotated they will not catch the wind ; if 
the motor rotates counter-clockwise the edges must overlap the right. 
The discs thus slipped together are placed on the spde, a small paper ring 
is placed in front and the nut is partly screwed up. The circular gradu-* 
ated scale is laid over the discs and they are ihoyed till each occupies 
haJf the circle. The nut is then screwed tight. 

The battery is turned on and the motor started. 

The 32-c. p. lamp is lighted and placed at meter in front and slightly 
below the discs. / \ 

The Gauss tripod is placed at a distance pf i meter from the motor. 
The telescope is then adjusted so that the eye sees the whole field of view 
as a cplpred circle. c . 

* Experiments. 

The motor being at rest and the subject looking through the telescope, ^ 
the experimenter says Ready ” and sends the current through the motqjr.. 
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The subject sees the color alternate with black, at first slowly, then 
rapidly. Sooii they appear to mix, but still retain a flickering appear- 
ance. As the speed continues to increase, the flickcft'ing becomes less 
marked and finally diappears. At the moment when the illumination of 
the* field appears to be constant and steady the subject says **NdW.*’ 
The experimenter notes and records the position pf the pointer at this 
mbment. 

The speed of the motor is allowed to increase considefably beyond the* 
point just recorded ; the current is then turned off. The speed gradu- 
ally decreases and at some point the illuminated field begins to flicker. 
At this point the subject says Now,** and the experimenter notes and 
records the position of the pointer. 

Records of the first kind may be called up-records,** those of the 
. other ** down-records.** The up-records are placed in one column, the 
down-records in another. 

After a few preliminary experiments to obtain practice, ten records are 
made of each kind. 

Computation. 

Let m be the average of the up-records and n that of the down-rec- 
ords, The time of one revolution in seconds is thus i////, or i/«, and 
the time of half a revoluj^on in ox 

Let the suppositions be made : i, that the black was equivalent to 
absence of light ; 2, that there was no lag at the appearance of the red. 
It follows that since the red seemed to be present all the lime, whereas it 
w^as present only half the time, the sensation must have persisted* through 
thejime of ^ a revolution, i. e., 2Pi or zn sec., without any percepti- 
ble diminution of intensity. 

The s«positions are not strictly according to fact. The black 
of the diici^Ot an absolute black, and there is a small lag at the be- 
iginning of the^^d seii^tion. For a bright red and a cloth black these 
errors may be^ TC^ecfed, as in the present case. 

Below the re^O]:^;^the' following statements are to be made (all figures 
being in . decimaij^^^^^f^^^ i/ioo and the unit beipg seconds) : lag, up, 

• ■ — ; *= " ; lag, average, = 

Points to be noted. 

I. The lag may be depOpdent on the intensity of the light and the 
area of the field.^ 2. The lag is a psychical and not a physical affair.* 

‘ t / Qf^stibns. • 

^ . I. Would you add or subtract the lament time (or lag of the color at 
the beginning), if it were known and you wished the true time of lag? 
Why?, 2. What is the unit of measurement in this exercise] 



NOTES. 


As this number of the Studies has^ for various reasons^ been delved 
beyond its usual time, it was considered advisable to bring references, 
e 4 c., df^wn to 1897. • 

The followinff list will supply the information, not previously given, 
concerning the occasions of the various articles published in the Studies. 
An article as published is condensed and corrected from the original 
thesis. 

1. Theses for the degree of Ph.D.: IfmestigaHan in reaction~time and 
attention^ by C. B. Bliss j Researches on the mental and physical develop^ 
fnent of school-children^ by J. A. Gilbert ; Measurements tf illusions 
and hallucinations in normal Kfe^ by C. £. Seashore ; Studies of fatigue, 
by John M. Moore. 

2. Theses for the degree of M.D., the work being done under the 
direction of the Psychological Laboratory and presented to the faculty of 
the Yale Medical School : On the relation of the reaction-time to varia- 
tions in intensity and pitch of the stimulus^ by M. D. Slattery; Reaction- 
time in abnormal conditions of the nervous system, by Alfred G. Nadler ; 
Simple and cortical reaction-time, by Howard F. Smith. 

3. Theses for special honors at graduation, from Yale College, the 
theses being frequently made parts of larger articles : Experiments on the 
highest audible tone, by Howard F. Smith ; Sotne experiments on the 
reaction-time of a dog, by Edward M. Weyer; Researches on rea^n- 
time, by John L. Burnham ; Researches on reaction-time, by A. E. vovr 
Tobel ; Researches on reaction-time, by A. Silverstein ; Re^arches on 
reaction-time, by G. R. Holden ; Researches on vobsntarv e'ffbh. bv H. 
R. McDermott. 

The regular courses given each year in the laboratory are as in the ffid- 
lowing list. The amount of direct personal supervision over the work 
of a student in a course can be roughly inferred from the total {number 
in that course ; the total for the present year is stated after each course. 

z. Physiological and Experimented Psychology, Two lectures per week through^t 

* the year. The material covered hy the demoastrations and experiments is about that con- 
tained in Ladd’s Outlines of Physiologic^ Psychology and Scripture’s New Psychology. 

* 127 seniqls and juniors (elective), 8 graduates, 3 specials. 

' 2. Elementary Laboratory Practice, OneCxerCise of two hours per week throughout 
the year. See above p. 89. 3 seniors and juniors, 7 graduates; 

3. Advanced Course in Experintentdl Psychology, One lecture and^one exercise pei^ 
week throughout the year, l^ements of analytical geometry and calculus with illus^; 
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tioDS from psychology; theory of probabilities; statistics; theory, of measurements; 
practice in adjusting measiirements ; technical training in the construction and care .'of 
apparatus; principles of laboratory economy; methods of ejcpe^mental instruction : 
practice in the use of the lantern, etc. 6 graduates. 

^.^Educational Psychology, One hour per week throughout a year. Application of mod 
em psychological principles to educational subjects ; outlines of the psychology of tou^, 
itsaise in education; motor abilities, accuracy of movement, fimd^ental princiine^of 
writing and drawing ; sight, color-teaching ; space, form-teaching, ^Nwihg, libeling 
attention, concentration and distraction, laws for developing attention* memoty, analysis 
into its components, experimental study of, calculation of results, development and 
training, time of study; imagination, use, necessity of development and repression, 
fables, children’s books, toys; emotions, will, action, reflex, automatic, instinctive, vol- 
untary, their training ; education of the blind, the deaf and other defectives ; child-study, 
principles of anthropometry imd psychometry ; psychological development of the child, be- 
ginnings of instruction ; economy in education, greatest results from least efforts, correlation 
and concentration of instruction ; various educational subjects from a psychological stand- 
point, — amusement, play,, toys, picture-books, object-lessons, etc. The course is illus- . 
trated with experiments, lantern views, and a large collection of educational* material * 
from Europe and America. lo seniors and juniors, 2 graduates. 

5. Research- Work in Psychology, Participants in this course are either investigators 
or assistants. For assistants the object is such a training in accurate introspection, ob- 
servation, experimenting and the art of research as is desirable for the general psycholo- 
gist. This work is open to all. Only those who have had sufficient experience are per- 
mitted to undertake independent investigations. The results of all investigations belong 
to the archives of the laboratory. Those who undertake investigations thereby agree to 
prepare the results for publication, subject to approval, in the Studies from the Yale 
Psychalegical Laboratory, 1 senior, 4 graduates. 









